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LILEKS 


The Editor and Publishers of ‘‘The 
Engineers’ Digest’ wish their Subscribers, 
Advertisers, and Collaborators the Com- 
pliments of the Season—a Prosperous and 
Successful New Year. 


. May the combined efforts of us all 
bring the War to a victorious end in 1943. 
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POWER PLANT PROBLEMS 


Summary of Discussion of Ten Questions by A. S. M.E. Power Division. (From Mechanical Engineering, Vol. 64 
No. 9, September 1942, pp. 669-672). 


ARounp table discussion of power plant problems of 
current interest by power plant operators, engineers and 
equipment manufacturers, under the auspices of the 
A.S.M.E. Power Division, was a feature of the Semi- 
Annual Meeting of the A.S.M.E. held in June, 1942. 
J. C. Hobbs, vice-president in charge of manufacturing, 
Diamond Alkali Co., was recorder and prepared the 
summary of the discussion, which is reported in what 
follows. 


1. What can be done to improve cleanliness of 
boiler surfaces, thereby lengthening the periods between 
shut-downs now required in most cases for hand cleaning ? 

Chemical water treatment was recommended. 
Cleaning practice varies from turbining each time a boiler 
is out of service, to intervals of a number of years. 
Cleaning of the upper portion of the furnace walls 
materially improves the condition of the boiler tubes 
proper by lowering the temperature of the gases entering 
the tube bank. Fineness of pulverization and the 
amount of excess air are also related to external cleanli- 
ness of tubes. Access doors for hand cleaning should 
be provided wherever necessary. Oil refinery sludge 
sometimes carries high percentages of moisture and salt, 
and the latter causes serious furnace refractory fluxing 
and plugging of the last tube bank. The necessity of 
reducing the number of coarse particles to a minimum 
in pulverized-coal furnaces as compared with absolute 
fineness was emphasized. Crushed coal arid pulverized 
coal cannot be burned successfully in the same furnace. 


2. How can availability of boiler units be increased 
by shortening the outage time now required for internal 
tube cleaning ? 

_ Boilers fired with natural gas or with oil present a 
simpler problem than coal fired units requiring both 
external and internal cleaning. Filtration and re- 
circulation of boiler water under pressure through 
anthracite was suggested. Silica represents a special 
problem. Control of pH is desirable. Sample tube 
turbining is used by one company to determine whether 
the boiler needs complete cleaning. Some high pressure 
boilers have been operating without internal cleaning. 
Others are cleaned until a history is obtained. Water 
conditioning is a separate problem for each boiler plant, 
and until treatment is under control, turbining is 


necessary. Corrosion must also be watched, particularly 
to prevent nodule oxidation. Cleaning with acid may 
or may not eliminate the nodule pitting as well as 
turbining. 

Dow Chemical was reported as having a separate 
acid-cleaning department for oil wells and boilers. 
The technique depends upon information obtained by 
taking a sample of scale and testing it for solubility. 
The object of using acid is to save time and labour cost. 
Acid cleaning is very effective in some cases. 


3. What are the possibilities of external tube corrosion 
or wasting occuring on furnace wall tubes of boiler units not 
equipped with slag-tap furnace construction? Has in- 
crease in total air at the furnace wall eliminated further 
attack where this type of corrosion has occurred ? 


The discussion of this question was opened by the 
following statement: It is believed that external tube 
corrosion, or wasting, can occur on furnace wall tubes 
of boiler units having furnaces arranged for dry-ash 
removal, if flame or fuel impingement is sufficiently 
severe. Quite a number of furnace installations have 
been inspected for this tube wastage condition, but to 
date no evidence of this condition has been found. On 
one installation, equipped with radiant superheater in the 
side wall, an attack of the chrome-vanadium tubes, 
then used, occurred about ten years ago. The cause 
was found to be severe flame impingement on the region 
attacked, and elimination of this flame impingment 
brought about a correction of the trouble. Increasing 
the total air at the furnace wall is probably equivalent to 
elimination of flame or fuel impingement. It is believed 
that any corrective measure that provides oxygen in the 
region where the attack is taking place should eliminate 
this type of attack. 

External tube wastage has proved to be a serious 
problem in a number of slag-t4p installations. There is 
unanimous opinion that the trouble is definitely related 
to zones of furnace walls covered with molten slag where 
the atmosphere is deficient in oxygen as indicated by the 
presence of an appreciable percentage of CO. The 
present cure has been to introduce additional air either 
through spaces between tubes of the wall or on the 
boundary lines of burners, so as to keep an appreciable 
oxygen content in gases adjacent to the walls. Both 
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chrome paint and spray metalising have been tried 
without notable success. Iron sulphide was at first 
thought to be a prime factor, but evidence now in- 
dicates that the active wastage is usually in the presence 
of some alkali-sulphur compounds which analyse 
largely sodium and potassium sulphate after the boiler 
has cooled down. 

4. What amounts of ammonia can be tolerated in our 
steam and water circuits before troubles can be expected 
with desincification of condenser and heater tubes and 
possible acceleration of internal boiler surfaces the results 
of metallic copper deposits ? 

One school of thought indicates that copper and 
boiler tube corrosion might appear to be related because 
some copper has been found in corrosion barnacle pits. 
Another school believes that copper has not been 
responsible for the corrosion. Copper is soluble in 
ammonia and might be taken up from alloy parts and 
deposited later in the boiler tubes. Copper has also 
been found in intercrystalline faces of boiler metal. 
There was a distinct difference of opinion—some of the 
discussers felt that if copper were not the cause, it was 
closely related to it. Another case of metal failure near 
copper gaskets was labelled by one discusser as being 
related to the copper but by another as being caustic 
embrittlement. 

5. What is safe practice to follow with respect to 
turbine inspection? Can present schediles of overhaul be 
lengthened ? 

The general practice which has been suggested by 
the turbine manufacturers and agreed to by most of 
the insurance companies, and generally followed by the 
majority of turbine operators, is to inspect a new turbine 
unit in the period between six-months to a year after it 
is initially placed in service, then to carry out sub- 
sequent inspections after approximately 10,000 hours of 
operation. This would, of course, require inspection 
under normal circumstances every two to five years, 
depending upon the operation of the machine. 

On older turbines it has been the general experience 
that inspections of this frequency are good insurance 
against unscheduled outages because potential diffi- 
culties can generally be anticipated and repair material 
accumulated in advance. 

On more recent machines, on which bucket diffi- 
culties have been to a very great extent reduced, we find 
that the period from initial installation to the first 
inspection is the critical one because then difficulties 
due to foreign material or deposits, or those originating 
from design modifications, are apt to show up, and after 
that period it may be safe to extend the time between 
inspections. 

Probably all turbine manufacturers are making 
available to the operators an important tool in this 
connection. This is the curves of anticipated stage 
pressures against load which, if carefully checked by the 
operators with the actual stage pressures following 
initial operation and corrected thereto and from then on 
checked at frequent intervals against the actual stage 
pressures existing in the turbine under operating con- 
ditions, will permit the internal conditions of the 
machine to be watched very carefully. That is, deposits 
or damage due to the entrance of foreign material, or 
damage due to bucket difficulties, are immediately 
apparent ; and it would seem reasonable to assume that 
as long as such data which have been taken indicate the 
machine to be in first-class condition, inspections could 
be intelligently and safely deferred. 

The turbine manufacturers appeared to be in 
agreement in recommending an interior inspection of 
all new turbines within six months after installation, 
a year to be the maximum limit because in this period 
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the major difficulties ascribed to foreign material, plant 
conditions, turbine design, defects, and other things wil] 
be evident. 

6. What methods are available to prevent the loss in 
turbine capacity caused by the accumulation of soluble 
and insoluble deposits on turbine blades, buckets, and nozzle 
partitions ? 

The turbine manufacturers took the position that 
clean steam is the answer, their definition of clean being 
better than the purity now being supplied. They claim 
that the boiler manufacturers and operators do not 
realize how seriously the steam cleanliness affects the 
outage and capacity of the turbine because with the 
passage of millions of pounds of steam through the 
turbine, some accumulation will occur. Steam deposits 
may be found in various parts of the turbine depending 
upon the character of the material being deposited, 
whether it is soluble, or insoluble, and the steam con- 
ditions and the operating conditions of the turbine and 
boiler. A very important variable appears to be the 
character of the ground water in the place where the 
plant is located, even though evaporated make-up is 
used. Soluble deposits generally form at earlier stages 
of the turbine, and insoluble deposits in the middle 
stages. Both kinds of deposits plug up the turbine 
passageways, increase the pressure drops across certain 
stages, and upset the energy distribution in the turbine, 
thus increasing the energy on certain stages and taking 
off others, with resultant loss in efficiency, and seriously 
decreasing the hydrodynamic efficiency of the steam- 
path elements themselves. 

Although washing may remove deposits, it must be 
carried out extremely carefully to prevent damage to the 
turbine from differential temperature changes, takes a 
considerable period of time, thus requiring appreciable 
outage, and for obvious reasons should not be done more 
frequently than necessary. On the other hand, if not 
carried out frequently enough the reduction in capacity 
and efficiency may become appreciable before washing. 
The only certain method of removing insoluble deposits 
is to open the turbine and clean the steam passages 
with an air blast containing fly ash or other equivalent 
material. There is some evidence, based on some 
German research work by a Dr. Spillner, thet this 
problem is intensified by the trend toward higher 
pressures due to the increasing solubility of salts in the 
high pressure steam in the boiler drum, and that it 
may not be due, as previously thought, to the mechanical 
carrying over of entrained moisture in the steam with its 
high concentration of boiler salts from the boiler drum. 
These tests would indicate that much might be accom- 
plished by thoroughly washing the steam with the 
incoming feed water between the boiler drum and the 
entrance to the superheater as has been tried with some 
success in a number of installations. 

One important fact stands out, and that is that 
many plants have had serious troubles which have 
subsequently been rectified, and that many plants art 
now operating, both low-pressure and relatively high: 
pressure plants, with no evidence of turbine deposits. 
This would, therefore, make it appear hopeful that thi 
problem can be eliminated. 

7. What are the possibilities of removing presetl 


“ bottlenecks ”’ in existing power plants thereby increasin¥ 


the maximum capacity ? 


Attention was called to losses due tc steam nef 
radiation, to the falling off of boiler feed-water heat} 


performance by 20 or 30°F. to the co-ordination 0! 
operations so as to reduce peaks, amd to a number . 
other opportunities which had been found in the st¢t 
industry. Bottlenecks have been opened by attentioj 
to coal pulverizer performance, stoker operation, induce 
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draft-fan vortcxes, steam carry-over, furnace temper- 
ature, tube cleaning, circuit-breaker design, and turbo- 
generator operation on temperature rating instead on 
name plate rating. Another discusser illustrated the 
elimination of one bottleneck after another in a manner 
which gradually increased the capacity of the whole 
plant. 

8. What its the experience in connection with turbine 
lubrication as to temperature, length of life, etc. ? 


In many recent turbines trouble has been found 
upon first putting the unit in service on account of very 
severe rusting on the steel parts throughout the oiling 
system, namely, oil tank, oil lines, bearing pedestrals, 
etc., although the bulk of the trouble has occurred in the 
oil tank. According to our lubrication specialists, 
the trouble was largely due to change in method and 
degree of refining of turbine oil to obtain what were 
considered important qualities, namely, absence of 
sludging and low steam emulsion numbers. The 
older type of turbine oils, which had higher steam 
emulsion numbers and which sludged more easily, 
contained natural rust inhibitors in a sufficient amount 
to prevent rusting. But these old types of oils were 
extremely short lived. It should be possible to retain 
the more highly refined oils and, through the use of 
corrosion inhibiting aditive agents, remove the corrosion 
hazard, while at the same time retaining the desirable 
characteristics of the newer oils. 

Most of the troubles seem to occur in the early 
period of the turbine’s operation when the operating 
group or the turbine erectors had frequently not been 
able to reduce to a minimum the entrance of water into 
the oiling system. There is evidence, however, that if 
the turbine oiling system can be protected for this 
interval by painting the pipes and tank walls, the oil 
may develop natural rust inhibitors in sufficient quantity 
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so that thereafter the oil will wet the surfaces and thus 
prevent the development of the more severe types of 
corrosion. This matter is being very carefully attended 
to, but is handicapped at the moment because of difficulty 
in obtaining some of the materials in the type of rust- 
preventing, oil-resistant paint which has had the greatest 
period of general service. 

In the meantime, the specific oil company involved 
should be consulted by the new turbine owners and 
asked for a guarantee that the oil used will not cause this 
corrosion during the initial starting of the turbine. 
And if such a guarantee cannot be given, it is recom- 
mended that the new turbine should be started on old 
oil or a large percentage of old oil. 

9. What can be done to improve burners, particularly 
for mixed fuel? If sulphur is a factor, one quarter of 
one per cent. may be enough to cause trouble ; in few cases 
can sulphur be reduced to a figure below that amount. 

One case was reported in which a tangential 
system, originally having 4 ft. circle, was changed so 
that rotation at the bottom was in a | ft. circle, counter 
clockwise, and at the top, in a 1 ft. circle clockwise. 
Errosion trouble on the three walls was eliminated and 
the third greatly reduced by this change involving a 
better distribution of secondary air. Burning of mixed 
fuels is a very complicated problem. The distribution 
of air under stokers is very important and one plant 
found that it was very desirable to sub-divide the 
wind box. 

10. What substitution can be made for essential 
materials required for construction and maintenance of 
power plant ? 

This subject brought only one response, which 
related to a case of using asbestos roofing paper on low- 
pressure equipment joints as a substitute rubber 
gasket. 


OF 


MACHINE TOOLS 


By Dr.-ING. H. H. FINKELNBURG. 


Automatic operation of machine tools is not only 
achieved by controlling each machining operation, but 
also by controlling automatically the supply of raw 
material in the machine. Should this not be carried out 
then an operator is necessary to stand by and re-load 
the machine after the completion of each cycle of 
Operations constituting those necessary to complete the 
machining of the finished article. This is only practical 
if the time taken to complete the cycle of operation is 
very long and when the work of feeding the machines 
fits in with the general framework of machine minding. 
The feeding or re-loading of the machine should be 
carried out in the shortest possible time and without 
the assistance of a machine minder. By taking this 
precaution it will be found that the output of the machine 
Is increased. It is, therefore, necessary when con- 
sidering automatic machinery to give special consider- 
ation to the problem of feeding the machine with 
material. 

__ The type of equipment used in feeding the machine 
with material is governed by the kind of material to be 
machined, the cutting speeds and the requirements 
necessary in locating the raw material in the machine. 
It can be pointed out that the location problem is 
especially difficult when the cross section of the material 
1s nct symmetrical. 

If the material to be fed to the machine is in rod, 
tubular or bar form no difficulty is experienced in 
automatic feeding, Such sections of material are used 
in all kinds of automatics, as well as in mechanical 
saws, parting-off lathes, thread cutting machines, etc. 


(From Die Werkzeugmaschine, Vol. 6, No. 11, June, 1942, pp. 321-327). 


If the raw material remains stationery throughout the 
cutting or machining operation, all that is required to 
move the material forward in the machine when 
re-loading is a chain attached to the free end of the 
material. By attaching suitable weights to the chain 
the material will be forced forward as soon as the chuck 
is opened. This arrangement is shown in Fig. 1. 
When the end of the bar makes contact with a stop, 
further forward movement of the bar is prevented and 
the chuck is closed. An arrangement of this type 











Fig. 2 


cannot be used, however, for high-speed, high-duty 
machines, requiring a frequent re-loading of the 
material. In such cases, it is usual to employ a feed 
collet arranged in the hollow mandrel of the machine. 
The feed collet is mounted directly behind the chuck 
so that it is possible to use up all the bar, excepting a 
small end piece. The feed equipment is actuated from 
the end of the hollow mandrel or spindle. As long as 
the chuck holds the material tightly, the feed collet will 
slide back over the material. During the interval of 
re-loading the machine, the chuck is open, and the 
forward moving collet carries the material forward. 
The collet is sprung around the material, with a force 
so arranged that the material can be carried forward 
with the collet and then made to slide backwards over 
the material. 

As soon as a bar of the material has been used-up a 
new bar will be inserted in the machine and during the 
change the machine will be shut down. To offset the 
loss in time, thereby incurred, it is usual to use very long 
bars of material in order to reduce the frequency of 
re-loading the machine with material. The free end 
of the material which hangs out of the machine is 
carried in a feeding rod as shown in Fig. 2. The 
dimensions of the feed tube are chosen to suit the size 
and section of the material being worked in order to 





Fig. 3 
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Fig. 4 


ensure steady running. In the same way, a dual feed 
bar consisting of an outer feed tube and inner feed tube 
mounted in ball bearings, has proved advantageous. 
The inner tube carries the material and rotates with it. 
Similarly feed tubes have been used stuffed with special 
material in order to reduce noise. 

To facilitate the re-loading of the machine with 
fresh bars of material, many types of re-loading devices 
have been developed. The numbers of parts which 
can be cut off a given bar is governed by the length of 
the bar and by the overall length of the finished part, 
This number can be recorded on a special counter or 
meter attached to the machine, shown in Fig. 3, which is 
a six spindle automatic. As soon as the material has 
been used to the extent that the free end no longer 
rests in the feed tube, but rests only in the hollow 
mandrel of the automatic, a lamp operated by the counter 
device is illuminated. The feed tube is then uncoupled 
from the machine and re-loaded, during the time that 
the end piece of the bar is being machined. 

In order that the individual feeding bars of the 
multi-spindle automatics carrying heavy material can be 
withdrawn independently and easily, the feeding bar 
is not built rigidly to the automatic nor is it taken out 
completely. Each feeding bar is withdrawn and through 
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the resulting opening in the revolving plate, the feed 
tube or rod can be pulled out as shown in Fig. 4. This 
simplifies the work of feeding the material in the lathe. 

When the material being fed to the machine is not 
in bar form, but is in the form of individual castings or 
pieces, the equipment used for feeding the machine is 
very different from that used to feed machines with 
bar material. The method in which castings, forgings, 
stampings and pressings are fed into the machine 
depends upon their shape. Little difficulty is experi- 
enced with the feeding of parts which have been pre- 
viously turned, having both ends of similar shape. In 
a case like this it does not matter which end receives the 
subsequent machining operation and, therefore, which 
end is fed first to the machine. 

Fig. 5 shows a suitable hopper or feeding magazine 
used for feeding bored cylindrical rollers into a centreless 
grinder for the finish grinding operation. As the roller 
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Fig. 6 

blanks are sufficiently long and the tendency for them to 
tilt is small, the hopper shute can be a simple channel, 
suitably inclined so that the weight of the material is 
sufficient to overcome friction. A forward movement 
of the rollers to the grinding wheel is thus ensured. 
The hopper length depends upon the possibilities of 
location and also upon the cutting speeds used in order 
that a too frequent re-filling of the hoppers can be 
prevented. The shorter the time of operation, the 
more frequent will it be necessary to re-load the hopper. 

If raw materials are to be machined having large 
diameters relative to their length, i.e., disc shaped 
components, so that there is a tendency for them to tilt, 
a ‘closed ’ type hopper as shown in Fig. 6 is desirable 
in place of the ‘ open’ type. The discs are placed into 





Fig. 7 
the feeding magazine or hopper and lie vertically above 
one another as shown in the figure, which is the arrange- 
ment adopted for a single spindle auotmatic. The 
curved feed shute is noteworthy for after the completion 











404 THE ENGINEERS’ 


of the machinery operation, the next disc is withdrawn 
from the hopper and, after tilting, is conveyed to the 
chuck. 

Roller shaped components can also be arranged in a 
hopper with their axis in horizontal positions so that 
they roll downwards towards the tool as shown in Fig. 7, 
which is the hopper arrangement for an automatic 
machine. When the operations on the blank are 
completed, the next blank is removed from the hopper 
and conveyed so that its axis and that of the hollow 
mandrel of the lathe are in the same plane. A finger 
actuated at the back of the blank pushes the roller blank 
into the hollow mandrel so that all the blanks in front 
of it are moved forward. In this way the completed 
component is simultaneously ejected out of the chuck 
and the foremost blank is then clamped into position 
for machining. 

A special feeding device used for a centreless 
circular grinding machine is shown in Fig. 8. The 
actuation of the feeding of material can be done by hand 
or automatically. Here again, the lowest blank is 
pushed forward into position by the actuation of a 
finger. 

All these hoppers and feeding devices do not 
hinder machining operations. It is a different matter 
when the blanks are fed to the machine from the chuck 
end as shown in the case of an automatic in Fig. 9, 
rather than through the tail end of the hollow mandrel. 
The feeding device must be arranged, therefore, so that 
first of all a radial path is performed in front of the 
chuck before the blank is pushed into the chuck. Such 
feeding devices or hoppers are accommodated on the 
cross slide of the machine as is shown in Fig. 9, where 
the hopper and under it, the conveyer with a rack and 
pinion is situated. The pinion is mounted on the 
moving cross slide, the rack is mounted on the rigid 
hopper which travels twice the radial distance of the 
cross slide. 











DIGEST 


It is important that 
with all feed devices that 
the movement forward of 
one blank at a time is 
assured and that it occurs 
without jamming. The 
conveyer is therefore so 
arranged to receive only 
one blank and then with 
further movement close 
the mouth of the hopper. 
Such a conveyer or re- 
ceiver is shown in Fig. 10. 
A practical conveyer 
can be designed in the 
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Hopper 


form of a circular hollow cylinder as shown in Fig. 11, 
The conveyer closes the hopper chute and only in one 
position is it possible for a blank to roll through a port 
into the conveyer. 
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Hoppers can be arranged to accommodate blanks 
which, due to their outside cross section, cannot roll. 
In such cases the chute must be designed to suit the 
shape of the blank and steep enough to allow the blank 
to slide when re-loading is carried out. Such a hopper 
is shown in Fig. 12 and is used in a multi-spindle 
automatic for cutting material of hexicon section. An 
arrangement for increasing the length of the hopper for 
parts requiring short times of operation is shown in 
Fig. 13. In arrangement of this sort it is important 
to give special attention to the design of that part of 
the hopper which changes the direction of the blank 
during its travel downwards. Another type of space 
saving hopper is the spiral type accommodating a large 
number of blanks, shown in Fig. 14. 

It is essential that the size of the hopper should 
be large enough to allow at least one hour operation 
before it becomes necessary to re-load the hopper with 
fresh blanks. If, as for example, a blank has an outside 
diameter of 50 mm. and the time taken in performing 
the machining operations is 36 sec. the number of parts 
which can be machined hourly is 3,600/36 — 100 pieces. 
Hence, the hopper should be designed to accommodate 
100 blanks, requiring a length of hopper of 5,000mm. 
Ifa straight chute can have only a length of maximum 
1.5 to 2 meter, it corresponds to a loadinz capacity of 
the order of only 3 to 4 spiral turns. With a spiral 
hopper of only 300 mm. pitch circle diameter it is 
possible to accommodate 300.1160 19 parts or 
blanks on one spiral circle. It follows therefore, that 
6 spirals or turns would be necessary. The height of 
the hopper would be only 700 to 800 mm., hence very 
small space is occupied. 
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Fig. 15 


There are a great number of components which 
cannot roll or slide towards the chuck because they 
cannot be located tightly against one another. They 
are mostly parts having one-sided projections or other 
unsymmetrical shapes. So as not to forgo the advant- 
ages of automatic feeding of such difficult cases, the 
blanks are tightly deposited in a moving hopper and 
through the motion of the hopper the parts are moved 
or fed to the machining position. There are many 
types of moving hoppers. Fig. 15 shows a chain type 
hopper which moves forward in stages, carrying in each 
of its links a blank for machining. Horizontally 
arranged conveyer belts containing pockets for carrying 
the blanks and rotating hopper tables, also containing 
suitable pockets for the blanks, have proved useful. 

When the time taken to perform the machining 
operation can be counted in seconds or fractions of a 
second, the re-loading of the hopper takes up so much 
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time that a man is fully occupied in keeping pace with i. 
the machine. As an example of this Fig. 16 shows the 
arrangement used, in an automatic riveter, which is gra 
used for riveting leather parts with two rivets simul- kno 
taneously. The feeding of the small rivets in the two vati 
inclined hopper chutes by hand cannot be carried out = L ss | 
economically. For this reason a funnel type filler has valt 
been designed so that the rivets can be tipped into them. Fig. 18 
Special mechanism ensures that the rivets are arranged aud 
in their right position before entering the hopper chute. chute. Badly arranged, or too many parts at one time 
A similar arrangement is shown in Fig. 17 and 18. cannot be led into the chute but are returned to the pan. 
The slowly rotating base of the pan or drum moves the By this method it is even possible to exclude any scrap a 
blanks to its outer circumference where they are led blanks from entering the hopper. Thus a preliminary 
into the hopper which leads helically into the hopper inspection of the parts can be omitted. yi 
MODERN AUTOMATIC SAWING MACHINE WITH HYDRAULIC GEAR oh 
(From Werkstatt und Betrieb, Vol. 75, 1942, No. 5, pp. 108). bear 
To meet the general tendency to highly specialized advanced by the length of the piece to be cut off. The indi 
production the automatic sawing machine as described bar is then seized by a vice b, and held tightly while the see 
below, has been designed. It is being manufactured saw carried by the slide, c, approaches the bar. When 
in two sizes.* the sawing operation is finished sawing blade and slide (Hi. 
The machines are intended for cutting bars of return to their initial position. The sawing blade is of fi 
various material and cross section, ranging from the stopped, the vice releases the bar which is pushed vola 
hardest steel bars to thin walled tubes of light alloys or forward again. This cycle of operations is auto- 0 
plastics. The diameter of the material to be cut is matically repeated until the whole bar is cut up to the pene 
limited to 60 mms. required lengths. The operator, usually attending a pine 
The bar is fed into the machine at a (Fig. 1) and number of machines simultaneously, is warned by a boa 
. z Irmischer, i i : 
IS os gg oF gy wa a ee Fig. 2 ever 
Fig. 1 Automatic sawing 85 
‘ . , machine with _hy- af _~ 
Automatic sawing draulic gear for ma- oe 
machine with hydrau- terials up to 33 mm. 
lic gear, for materials dia. Cutting speed ff? 
up to 60 mm. dia. adjustable from 8 to [Et 
Range of cutting 330 m/min. by (1) fe 
speed 12 to 250 changing the gears, §:40/>— 
m/min. adjustable by and (2) by regulating JF 
change gears. the hydraulic gear, fe 


(a) Guide for feeding 
the bar into the ma- 


for continuous change 
of the cutting speed. 











chine. (b) Vice. 
(b) Vice. ; (c) Blade slide with Fy 
(c) Blade slide with gearing for changing ; “4 
gearing for changing the cutting speed. 
the cutting speed. (d) Throttle valve 
(d) Throttle valve used when cutting 
used when cutting tubes, bars with of av 
tubes, or bars with special section, etc. ~ Kilo 
special section. W (e) Handle to adjust Fea 
(e) Handle to adjust cross feed of saw waves 
sneer _. cross feed of saw blade. ities a 
2 oe blade. ae Ce ge ger eS (f) Lever for non- i 
(f) Lever for automatic cutting of single pieces. (g)jLever automatic sawing. (h) Receiving box. (k) Lever Kinoc: 


to stop the automatic feed of bar. (h) Receiving box. for continuous adjustment of speed. 
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bell. The number of pieces cut-off is automatically 
registered. 

The feeding mechanism of the bar as well as the 
vice and the cross feed mechanism of the slide are 
hydraulically operated. The pressure tubes are of 
steel to withstand the working pressure of about 25 atm. 

Serving the machine involves only the insertion of 
the bars. The cutting speed can be easily adjusted 
according to the material. This gives the machine a 
great versatility and makes its use economical even for 
small factories where the serial cutting of one particular 
material is small. In order to keep down the time of 
preparation, which becomes an important factor if the 
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material is frequently changed, the cutting speed can 
be simply adjusted by a handle. This handle is con- 
nected to the so-called “‘ variator”’ which can change 
the cutting speed from a basic speed up to a speed of 
6 times as high. The change of speed is stepless. 

To saw various materials it becomes necessary to 
change not only the cutting speed but the cross feed of 
the saw blade as well. The button, e, serves this 
purpose and the cross feed is adjusted in the simplest 
way. Special vice jaws can be used for special duties, 
e.g., for cutting delicate thin walled tubes or bars not of 
standard section. 


UP-TO-DATE SUMMARY OF QUESTION OF DETONATION* 


By Dr.-ING. HABIL. FRITZ DREYHAUPT. 


(From ATZ Automobiltechnische Zeitschrift, Vol. 44, No. 21, November 


10th, 1941, pp. 521-533). 


I. 
1. The Phenomenon of Knocking. 

If the compression ratio in an Otto engine is 
gradually increased, Fig. 1., then at a certain c.r. value 
knocking combustion starts and the following obser- 
vation can be made : 

(i) The rate of power increase with increasing c.r. 
value is reduced. 

(ii) A “ knocking” or “ pinking ’ 
audible. 

(iii) The specific fuel consumption increases. 

(iv) The exhaust gas temperature is raised and may 
score the exhaust valves. 

(v) The whole of the engine becomes strongly 
overheated. 

(vi) If knocking combustion is permitted to persist 
for a longer period, serious damage might occur to the 
piston, piston rings, cylinder liner and main shaft 
bearings. The appearance of the damaged parts 
indicates that the damage was due to thermal and 
mechanical effects. 

The power of the highest useful compression ratio 
(H.U.C.R.) is known to be dependent upon the quality 
of fuel. The three types of hydrocarbons found in 
volatile fuels, namely aromatics, naphtenes and paraffins, 
take this order of merit in regard to knocking. The 
ante-knock value of the fuel increases with the chemical 
stability, decreases with the size of molecules, and 
depends also upon the presence of a certain group of 
atoms (alcolhol) in the chain of molecules. So far, how- 
ever, no universally valid relationship between chemi- 
: cal composition and 
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could be established. 
C It must be also re- 

membered that the 
Octane scale is an arti- 
ficial parameter of fuel 
quality since size, 
speed, combustion 
chamber design and 
many other technical 
details of the engine 
affect not only the 
numerical value of the 
Octane number but 
6 in some cases even 


Fig. 1 


* In the English technical literature ‘“‘ Detonation ” is the name 
of a well known engine phenomenon corresponding to the German 
Klopfen”” or knocking. Unfortunately Detcnation has also a 
meaning in chemical terminology: it is the name of a very rapid 
combustion accompanied by high pressure, high frequency shock 
waves. Detonation in the latter sense is regarded by some author- 
apd - the real cause of Detonation in the first sense, but is disputed 
y others. 
Yo avoid misunderstanaing, throughout the present article 
Knock ng is used to denote the engine phenomenon and detonation 
to denote the chemical reaction. (Editor.) 
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the order of merit of the fuels. Thus hot engine 
walls and air pockets promote knocking effectively, 
especially if these are far distant from where ignition 
starts. To a lesser extent the same applies to a longish 
combustion chamber design. On the other hand a 
compact, almost spherical or semi-spherical com- 
bustion chamber with centrally arranged sparking 
plugs, that is with a short route for the flame front, 
reduces the danger of knocking and consequently the 
H.U.C.R. value can be raised. 


2. Thermal Condition of ‘‘ End Gas.’’ 


Already very early investigations of the problem 
of knocking have established the paramount importance 
of the charge which burns last in a cylinder (in the 
rest of this article referred to as ‘end gas’) and the 
factors controlling it’s thermal condition. 

The chemical reactions, brought about by normal 
combustion and progressing in the cylinder from the 
primary point of ignition (i.e. sparking plug), are 
responsible for local heating along the flame front and 
volumetric changes of considerable magnitude. Con- 
sequently, strong pressure waves are originating from 
the flame front compressing the still unburnt charge 
ahead of the flame front and the products of com- 
bustion behind it. These pressure waves increase the 
temperature of the unburnt charge according to 
adiabatic compression. The conditions are illustrated 
in Fig. 3 for the case of a spherical combustion chamber, 
of radius r = Ro, according to Mach’s theory. 

(Note: the compression effect of combustion only is 
considered, neglecting the compression due to piston 
movement). In Fig. 3, for simplicity’s sake it was 
assumed that the pressure is equalized in the whole of 
the combustion chamber very rapidly (at a velocity of 
sound), during which period the temperature equaliz- 
ation (by transmission, conviction, diffusion) in the 
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Fig. 5-6, 


charge and the heat transfer to the walls is negligible. 
The initial temperature, To, of the charge is also assumed 
to be uniform. Under these conditions, it will be clear 
that the temperature and pressure variation during the 
period of combustion, te, if plotted against the weight 
or volume of mixture burnt, will be independent of the 
shape of the combustion chamber. 

In reality, however, an appreciable quantity of heat 
is lost to the walls. Furthermore the velocity of flame 
propagation is increasing as its distances increases from 
the point of ignition and the local temperature of the 
gas rises. Bearing this in mind, it should be clear that 
the end temperature of the end gas just ahead of the 
flame front is higher in a long combustion chamber 
(Fig. 4a) than in a compact chamber of the same volume 
(Fig. 4b). This is so because the high flame velocity 
towards the end of the combustion does not give sufficient 
time for heat transfer from charge to cylinder walls in 
a long combustion chamber. Similarly, a combustion 
chamber of the shape shown in Fig. 4c is more favour- 
able than that of Fig. 4d. The compression wave set 
up in the first type (4c) is much smaller than in the 
second type (4d) since the quantity of charge burnt is 
smaller for the same elapse of time. 

A slightly higher initial gas temperature will modify 
the conditions by increasing the end temperature of the 
charge to a much higher value. Therefore a “ hot 
spot” in the combustion chamber, should be located 
as near as possible to the point of ignition. Hence it is 
sometimes found that a design with a longer flame 
path shows up better in practice than a very compact 
design. From the effect of hot spots the importance 
of turbulence becomes also apparent, especially when 
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the hot spot is located far from the sparking plug, as it 
breaks up the hot air “ curtain ” formed. 

The effect of air pockets in the combustion chamber 
is unfavourable as it contributes to high end temperatures 
of the end gas. The pockets are extensions of the main 
combustion chamber in which valves are usually accom- 
modated and are, therefore, badly cooled. Exception 
to this is a narrow crevice, as for instance in the older 
type of Ricardo engine Fig. 2 where the cooling effect 
of the large wall surface does not permit high mixture 
temperatures. Pockets for the accommodation of 
sparking plugs have no ill effect at all. 

3. Spontaneous Ignition of Residue Charge. 

The thermal conditions of the end gas, as outlined 
in the previous chapter, are in such close agreement 
with the external conditions of knocking that it was 
impossible not to attribute great importance to ths 
temperature, density and pressure of the end gas ae 
factors starting knocking. The consequence of this 
was the hypothesis that knocking takes place if the 
temperature of the end gas exceeds a certain limiting 
value which depends upon the fuel and probably upon 
the pressure and density of the charge itself. In fact 
photographs have shown that with normal combustion 
the flame propagation is continuous from the point of 
origin (i.e. sparking plug), but in case of knocking 
combustion independent centres of ignition can be 
observed and eventually a spontaneous ignition of the 
whole of the end gas. 

This phenomenon gives rise to the following 
questions : 

(1) How is the spontaneous ignition of the end gas 
brought about ? 

(2) Is this spontaneous ignition an accompanying 
phenomenon of knocking, or is it the cause of it ? 

(3) If it is the cause of knocking how does it result 
in the harmful effects of knocking ? 

By following the sequence of historical develop- 
ment of the question of knocking we get the answer to 
the last question, first. 


I.—THE ILL-EFFECTS OF KNOCKING AS 
DIRECT CONSEQUENCE OF DETONATION 
WAVES. 
4. Pressure rise, Pressure wave, Energy of wave. 
If at any time t, (Fig. 3), corresponding to a flame 
advance r = r,, the whole of the end gas ignites spon- 
taneously, then the pressure is suddenly changed as 
shown in Fig. 7. This means that at r — r, a very 
sharp rise in the pressure occurs (p, — p,) which sets 
up a pressure wave oscillating at the natural frequency 
of the gas charge until it is damped out. This pressure 
wave of a knocking combustion can be also registered 
by an accustical electrical indicator applied to an engine 
(Fig. 8) or to a bomb calorimeter (Fig. 9). That the 
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IS72 
typical knocking or pinking noise accompanying knock- 
ing is the sound of pressure wave impacting against the 
surrounding walls and not the metallic impact of the 
piston, as was first thought, follows from the fact that 
it is also audible in a bomb calorimeter where there are 
no moving parts. 

The high frequency of these waves makes them 
appear to be of sinusoidal shape—as far as they can be 
recognized as such in Figs. 8and 9. In reality, however, 
they must be high amplitude shock waves with a very 
steep rising branch, as shown in Fig. 10. With a high 
amplitude shock wave the beginning of the wave com- 
presses the medium and the pressure peak advancing 
in this higher density medium proceeds at a much 
greater velocity ; hence the very steep branch of the 
wave. Fig. 11 shows the sudden pressure rise p, — p, 
in dependence of the relative proportion of the end gas. 
Fig. 12 shows the maximum energy which becomes 
available for shock wave. The maximum (curve a) 
occurs when 30% of the total charge. ignites spon- 
taneously as can be seen from the figure. 


5. Increased Heat Transfer, Irreversible Heat 
Generation, Effect on Efficiency, Consumption 
Power and Thermal Efficiency. 

Such high frequency shock waves are responsible 
for a strong turbulence of the gas layer in the very 
vicinity of the cylinder walls. According to the laws of 
thermodynamics this increases the rate of heat transfer 
to the surrounding walls. Furthermore the shock wave 
where it impacts against the wall will increase the 
temperature gradient in the gas layer (Fig. 1°) and this 
too aggrevates the heat transfer from gas to wall. This, 
then, is the explanation of the general overheating 
taking place in an engine during knocking. 

The mechanical energy contained by the (shock) 
wave is of course supplied by the fuel. The quantity 
of fuel which can be utilized for combustion is limited 
The energy of 
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detonation wave is absorbed partly by the cylinder wall 
and partly by internal friction within the charge; the 
heat transmitted to the wall increases the heat lost to the 
cooling medium. The internal friction, too, is irrever- 
sible heat generation: the sensible heat extracted from 
the gas at a high temperature (during combustion) in 
the form of energy of wave is returned to the gas as 
internal friction at a lower temperature (during expan- 
sion). Fig. 8 shows that this return of energy takes 
place only late during the expansion stroke, since the 
detonation wave persists over a long part of the expan- 
sion stroke. Hence the whole energy of the waves is 
not converted to useful mechanical energy (heat energy). 
As a result high exhaust gas temperature and erosion 
of the exhaust valves is produced. The same con- 
sideration explains also why the power is reduced in a 
knocking engine (useful heat reduced) and the: con- 
sumption increased (extra fuel needed for energy of 
shock wave). 

From a purely thermodynamical point of view, 
faster combustion at constant volume, as is the case in a 
knocking engine, means higher thermal efficiency. 
Hence with very weak knocking the thermal advantages 
and the slightly higher c.r. value as compared with that 
which would be needed to suppress knocking com- 
pletely, overweighs the ill-effect of heat losses just 
described. In tact as knocking starts (Fig. 1) the 
‘* power ” curve does not fall off rapidly and the point 
of maximum power output lies to the right of the point 
which marks knocking combustion. This optimum 
condition cannot, however, be maintained for any 
length of time as the heating effect of even slight knock- 
ing slowly but gradually increases knocking (Fig. 14). 

Finally the impacting shock waves have an effect 
like hammer blows, and explains the damages observed 
on pistons, etc., as far as they are not caused by over- 
heating. This concludes the survey of ill-effects of 
knocking which can ail be explained by the effect of 
the detonation wave. In view of the aforesaid the 
question whether spontaneous combustion is responsible 
for knocking must be also answered in the affirmative. 


Ill.—THE CAUSE OF DETONATING COMBUS- 
TION IN THE RESIDUE CHARGE. 
6. Ignition by overheating. 

The question may be asked whether the previously 


mentioned general overheating of the engine does not 
occur prior to knocking and cause spontaneous com- 
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bustion. The answer to this question is definitely 
negative, because overheated walls cannot start knocking 
combustion. Pictures of flame propagation, too (Fig. 5-6) 
show points of ignition in the charge which then bring 
about a very rapid combustion. As these points of 
ignition do nor occur at the same spot in consecutive 
cycles of combustion, it must be concluded that local 
heating effect cannot be responsible for it. 

Having eliminated overheating as a possible cause 
of knocking, there are two main theories left to 
consider: Theory of Detonation (Berthelot’s wave) 
and the thoery of compression-ignition. Before going 
into details of these two theories, it is essential to discuss 
briefly the effect of flame propagation upon the pressure 
in the cylinder. 
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7. Pressure effect of flame-front. 

From the flame-front a continuous pressure wave 
is omitted which travels at the velocity of sound to both 
ends of the combustion chamber. With a progressing 
flame-front, however, not a single pressure wave is 
generated, but shock waves in quick succession. This 
can be better understood from the following con- 
sideration : 

If at point I (Fig. 15) a small quantity of gas is 
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burnt, then a local pressure rise is caused (Fig. 15a) 
and the pressure wave set up in this way travels at the 
velocity of sound (Fig. 15b). The amount of pressure 
increase at point I, depends upon the quantity of gas 
involved, after the combustion of which the pressure 
drops again as shown in (Fig. 15c). 

If the velocity of flame propagation is less than the 
velocity of sound, then at the instant represented by 
Fig. 15b the combustion has only advanced to point II 
(15c) while the pressure wave has reached point III. 
This means that the new pressure wave originating 
from point II can only partly strengthen the frontal 
branch of the first wave ; in part it coincides with the 
following branch of wave I (Fig. 15b). Now the same 
argument holds good as in paragraph (4). The 
strengthening of the frental, rising ordinate of the wave I 
prepares the way for a higher velocity of sound for the 
latter part of wave II, so that here too the frontal parts of 
waves I and II are turning to steep shock waves (Fig. 
l5c). The reversed effect takes place at the falling 
branch of wave I, as the combination of waves I and II 
tends to produce a flatter curve. 

It follows, therefore, that shock waves are omitted 
from the advancing flame front, the steep frontal branch 
of which is developed only some distance ahead of the 
flame front. It must be also concluded from Fig. 15 
that the amplitude and wave length of these shock 
waves must be small if the flame velocity is small com- 
pared to the velocity of sound. This follows from the 
fact that the length of the shock waves depends in the 
first place upon the distance covered by the pressure 
wave I, while the flame is advancing half a wave length. 
This distance becomes small provided the velocity of 
flame propagation is also small. With increasing flame 
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velocity the wave leugin and ampiitude of shock waves is 
also increasing (Fig. 16a and b). 

According to Becker, shock waves advance at 
supersonic speeds; in particular, the velocity is the 
higher the larger is the amplitude of the shock wave. 
The temperature rise cause by such waves is accord- 
ingly also higher than that due to an adiabatic com- 
pression. In place of the adiabatic equation the so- 
called ‘“‘ Hugoniot ” equation is substituted, which for 
small pressure charges, p. — p,, becomes identical to 
the adiabatic equation. However, with shock waves 
extremely high temperatures can be recorded: As an 


example for air at T, = 273°; 


Pressure rise with 
shock wave P,-P, 2 5 10 50 100 1000 2000 


Temperature 

T.with shock wave 336 482 705 2260 3860 19100 29000 
Temp. T, accord. to 

the adiabit. equat. 330 426515 794 950 1710 2070 


DETONATION. (BERTHELOT’S wave). 


If a combustible mixture enclosed in a long tube is 
ignited at one end, and, the flame front will gradually 
progress through the whole of the mixture which is 
below the self ignition temperature. The mechanism 
of this process is simply an impacting of molecules along 
the fiame front and thus initiation of chemical reactions. 
As the energy of the molecules is continously increasing, 
more and more molecules are incited to reaction. 

Provided that the flame travel is slow compared 
to the velocity of sound, there is ample time given for 
the pressure wave to be damped out so that a uniform 
pressure rise can be noted throughout the mixture. 
However, this is also accompanied by a gradual rise in 
temperature and eventually self ignition temperature is 
reached. At a certain instant a small further increase 
in temperature wiil suffice to cause a spontaneous self- 
ignition of the end gas. This self-ignition will actually 
be the result of a shock wave and 
the locality will probably be a short emer 
distance ahead of the flame front, c 
where the full effect of the shock 
wave can develop. This point marks 
a new centre of ignition and the flame 
ensuing from here traverses the rest 
of the mixtures at a_ supersonic 
velocity. This sequence of events is 
termed “ detonation.” 

The velocity of detonation has 
been determined almost at the time 
of its discovery (Berthelot, 1881) 
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and has been recorded on photographs in a manner 
outlined in Fig. 17. The method consists essentially 
of passing a strip of film over a tube made of transparent 
material and recording the interior happenings. As the 
film moves in the direction of the arrow, the slope of the 
line traced by the flame (Fig. 18) is an indication as to 
the velocity of combustion. Fig. 18 shows clearly the 
sudden increase of the detonating wave velocity, b-c, as 
compared to the normal flame velocity, a-b. By suitably 
increasing the film velocity it is also possible to show the 
detonation as it starts some distance in front of the 
ordinary flame front, Fig. 19. 

The velocity of detonation can be also calculated 
as being between 1,000 and 4,000 m/sec. A close agree- 
ment between measured and calculated values exists. 
An interesting feature of detonation becomes apparent 
from calculating its velocity: his tends to a constant 
value, and if for instance detonation starts at a higher 
speed, it decreases gradually to this value. 


9. Other Type of Shock Wave Ignition of the 
Residue Charge. 

Very rarely a secondary flame front is started by a 
wave reflected from the cylinder wall. In such instances 
the knocking starts at the far end of the combustion 
chamber or tube. This type of ignition occurs only in 
combustion chambers of complicated shape where 
reflected pressure waves are crossing one another’s 
path. This case provides a transition to the theery of 
Compression-Ignition. 

10. Compression-Ignition. 

This theory is based on the assumption that as a 
result of the pressure and temperature rise the residue 
charge is brought finally to a self ignition temperature 
when spontaneous ignition occurs. In practice, how- 
ever, such a simultaneous ig- 
nition is inhibited by turbu- 
lence and other circumstances 
which increase the temperature 
at one point but decrease it at 
another point. As an example, 
during the suction stroke a part 
of the charge comes into contact 
with the hot cylinder walls and 
although it is subsequently mixed 
with the rest of the charge it will 
still form nuclei of hot particles. 
The difference in temperature 
between individual parts of the 
charge is further aggravated as 
the pressure is increased since 
some of the particles have a 
higher initial temperature. Con- 
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Fig. 21 


sequently, at the 
instant when deto- 
nation starts, the 
temperature of the 
end gas is no: 
homogeneous but 
as shown in Fig. 20, 
T;. The hot nuclei 
in the charge reach 
self ignition tem- 
perature first (Tz) 
and initiate an al- 
most spontaneous 
ignition in the rest fn) 
of the charge. 


Very similar is the case regarding chemical homo- 
geneity. A physico-molecular consideration of the self 
ignition temperature defines the lower limit of chemical 
homogeneity as that limiting composition which just 
ensures that combustion—once started—will continue 
in the mixture. As can be seen from Fig. 21, the 
chemical composition is of considerable importance 
from the point of view of self-ignition. 

Contrary to the theory of Detonation, this theory 
shifts the emphasis on the general temperature and 
pressure rise of the mixture and not on the effect of the 
shock wave ; nor does it suggest that knocking com- 
bustion proceeds at supersonic speed. If on the other 
hand it is assumed that the mutual effect of shock wave 
and hot nuclei of the charge, which are especially apt 
to self-ignition, produce a secondary ignition, proceeding 
at a high but not supersonic speed, one arrives once more 
at the theory of shock wave ignition without detonation, 
which takes up an intermediary position between the 
theory of Detonation and the thory of Pressure-Ignition, 
11. Criticism, Engine Observations. 

Considering the conditions in an engine, it is not 
possible to decide which of the theories discussed is the 
correct one. As an example, a point usually held 
against the Detonation theory is that detonation wave 
in tubes require a “‘ running start ” of about 25-150 cm. 
However, there is no proof that such length of a running 
start is needed in an actual engine, too. Another, more 
serious objection against the Detonation theory is that 
detonation cannot be produced in tubes when the 
mixture used is identical in composition with that in 
engines. At the present, it is not yet possible to 
determine the real cause of this. Calculations have 
shown that detonation waves become stablized only 
if the rate of chemical changes become very high. 

Recently investigations were carried out to deter- 
mine whether the combustion of hydro-carbons is linked 
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with the production of intermediary products or with 
preliminary reactions before actual ignition takes place, 
the product of which might act as carriers for detonation 
waves. More information on this question will be given 
below. ; 

The reason for such a thorough investigation of 
knocking and the accompanying flame and shock wave 
effect is probably due to the fact that in a publication of 
engine research on the ‘“ knocking” phenomonen, 
Ricardo used the term “‘ Detonation.” It is doubtful, 
however, whether Ricardo had real detonation waves in 
mind. As a matter of fact other theories can show 
many points in their favour. 

Fig 5-6 shows ignition centres in the knocking 
gas which is hardly in accordance with the theory of 
Detonation. Recently tubular combustion chambers 
were fitted to engines and observation windows pro- 
vided. The ignition plug was arranged at one end 
of the tube and pictures of the detonating combustion 
taken, Fig. 22, showing a typical picture. The individual 
centres of ignition can be distinguished in this picture 
(Note the zig-zag shape at the beginning of com- 
bustion in the residue). Considering that Fig. 22 shows 
the detonating flame front to a considerable depth of 
the combustion chamber, eventually so many points 
of separate ignition might appear in the picture that the 
impression would be that of simultaneous ignition in 
the whole of the end gas. Moreover, as lower temper- 
ature may prevail at the far end of the tube due to cooling 
by the walls, this might be responsible for the impression 
given as if the front of the detonation combustion was 
continuous and inclined towards the transversal axis 
of the film, indicating the presence of real detonation. 
This would also explain why such high flame front 
velocities are found: The inclination of the “ flame 
front”? can be mistaken for the rate of flame pro- 
pagation. From such measurements velocities up to 
500-900 m/sec. can be obtained which are still below 
true detonation velocities, i.e. 1,000—4,000 m/sec. 

Even if this principal defect of the method is dis- 

regarded, it can still be argued that the film velocity is 
far to small to measure flame velocities up to 1,000 
m/sec. especially as the outer edge of the flame front is 
not well defined and a tangent can therefore not be 
drawn with any degree of accuracy. 
_ , Inanother series of experiments, 24 lines of paths of 
ionisation have been arranged in a cylinder, and the 
flame propagation recorded. According to this method, 
the velocity of flame propagation of a detonating com- 
bustion in only 300 m/sec. However, this method 
too fails to give conclusive results in consideration of 
the indirect method of velocity measurement and other 
unknown factors existing. 

It appears that the best method for investigation 
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Fig. 24 


of such nature is by photography as shown in Fig. 5-6. 
Better results could be arranged if the film velocity 
could be increased. As was mentioned before, these 
pictures show it, too, that in the knocking end gas 
there is no secondary flame front proceeding from the 
primer flame front, but that the secondary ignition is 
initiated in the residue itself. The velocity of the 
secondary flame front is very high but not in the neigh- 
bourhood of 500-900 m/sec. A series of photographs 
has been obtained, as a matter of fact, according to the 
method of Fig. 17. From these pictures flame velocities 
of 2,000 m/sec. can be established, and hence assumed to 
be real detonation waves. The authors of these measure- 
ments claim to recognize the starting point of the deton- 
ation at some distance ahead of the primary flame front 
(Fig. 24). The criticism of this method is that obser- 
vation was not possible in a large section of the com- 
bustion chamber. The sparking plug is located at the 
left centre of the window, Fig. 23, and the flame starting 
from here proceeds according to points 2, 3, 4. If at 
this instant, Time (4), a new centre of ignition is formed 
at the top centre and at the bottom centre at instant 5, 
invisible on the film, and if secunder flames propagate 
from these newly formed centres at high but normal 
velocities (lines 5 and 6) then along the window the 
irrational flame velocity, Vs, can be observed. ‘The true 
flame velocity is, however, Vr. This would explain, 
otherwise than by detonation, how such high (2,000 
m/sec.) flame velocities can be observed through the 
window. 

12. Two Recent Investigations. 

The flame velocity was measured in a bomb calori- 
meter and an actual engine cylinder by the ionisation 
method, Fig. 25. True detonation in the calorimeter 

Normal combustion 
in the bomb, in the motor. 
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shows—in spite of an enlarged time base—an infinitely 
rapid rise of electric conductivity. Knocking com- 
bustion in the engine, however, failed to register such a 
high flame velocity. It rather shows a flame velocity 
of normal combustion in both the calorimeter and 
engine. 

A piezo-accustical indicator was also used to 
investigate detonation in a calorimeter. All possible 
conditions of mixture and its initial condition have 
been considered. By this method apart from deton- 
ation, three distinct types of “‘ knocking ”” combustion 
could be distinguished. 

(a) With normal combustion at low initial temper- 
atures knocking occurs which under certain conditions 
of flame velocity and combustion chamber design, by 
means of resonance produces a high amplitude pressure 
wave. This is a short lived phenomenon, however, and 
has no material influence upon combustion. 

(6) At elevated initial temperature or if richer 
charge is used, the velocity of combustion is increased 
and secondary ignition takes place at the remotest 
place from the ignition plug. This is accompanied by a 
violent shock and audible pinking noise. 

(c) At high initial temperatures, secondary ignition 
of the charge occurs near the centre of the end gas. 
This is accompanied by a shock wave and pinking noise 
as before. 

The conditions leading to (a) and (6) do not appear 
to be given in engines. The typical pinking noise is 
present in every case and is further proof that the 
detonation waves are themselves responsible for this. 

Because of the complications resulting from 
knocking of hydro-carbons usually employed pre- 
reactions are suspected to be responsible for an inter- 
mediate product of combustion which would serve as a 
carrier for knocking. The following points should be 
noted in this connection. 

The theory of Detonation alone is capable to give a 
satisfactory answer to the question why there are 
secondary flames—travelling at a velocity many times 
that of the primary flame front—in the end gas. 
Adiabatic compression is hardly responsible for this, 
since it is a gradual process and, therefore, the primary 
flame front should also reach the same high velocity 
at the time when secondary ignition occurs. For this 
reason it is suggested that the end gas is brought to 
a condition by means of preliminary reaction (not 
accompanied by visible flames) which permits a much 
higher flame velocity than the unprepared mixture. 
With this theory two questions arise : How do the pre- 
reactions occur and why are these affecting only the end 
gas ? 

Pre-reactions are probably dependent on a critical 
temperature. As soon as this temperature is reached, 
a combustion takes place which is not accompanied by 
visible flaming perhaps because the heat generated is 
insufficient for that. Alternatively it is possible that the 
combustion is endothermic and produces only a partial 
transformation of the hydro-carbon molecules. Long 
ignition lag periods seem to indicate that such pre- 


reactions take place and are especially marked with 
hydro-carbon mixtures. 

Other investigations, too, have proved that 
adiabatic compression cannot produce such high temper- 
atures which are observed in knocking mixtures just 
before knocking starts. These experiments scem, 
therefore, to indicate that pre-reactions must con- 
tribute to temperature rise before true ignition occurs. 

The author of this article wishes, therefore, to point 
out the following. 

The shock wave originating from the flame front 
raises the temperature of the end gas above the adiabatic 
range as shown in Fig. 3._ A point will be reached when 
the next shock wave will just suffice to raise the temper- 
ature to a critical value, and start pre-reactions. The 
latter prepares the residue charge for the high velocity 
of the secondary flame front and hereby to.a rapid com- 
bustion or detonation. The secondary points of 
ignition, Fig. 5-6, are then resulting froma further shock 
wave, or from the superposition of shock waves, or from 
self ignition, or from the production of intermediary 
products. Lack of homogeneity of the mixture and 
temperature is also playing a part in this process. 

Although injecting artificially shock waves into 
normal combustion, does not produce detonation, this 
should not be regarded as proof that detonation is not 
accompanied (or caused) by shock waves. On the 
contrary, there should be no doubt any more that shock 
waves are inherent to knocking combustion ;_ theory 
and practice seem to agree on this point and even 
quantitative measurements are possible. That the 
shock wave preceeds chemical reactions is evident 
from the fact that the velocity of detonation which is 
often higher at the beginning but corresponds to the 
velocity of the shock wave is reduced subsequently to a 
more stable velocity which occurs in conjunction with 
combustion. 

But if the shock wave occurs prior to chemical 
reactions then it is difficult to understand why the 
primary flame front is emitting a shock wave just at the 
instant when the end gas has reached a condition 
ready for simultaneous combustion and transmission 
of shock waves. It is more likely that shock waves are 
emitted continously and are equally important for 
knocking and detonation. This gives also a simple 
explanation of the above mentioned observation that 
namely artificial shock waves do not produce detonation. 
If, namely, shock waves are preparing the end gas for 
detonation, and if the engine conditions are otherwise 
unsuitable for this, the artificial shock waves cannot 
produce detonation. 

As a conclusion it can be said that the question of 
knocking is still far from being completely understood. 
There are still many problems related to knocking 
requiring a satisfactory explanation. 

The article is concluded with a Bibliography 
mentioning 41 books, papers, and articles relating to its 
subject-matter. Space does not allow publishing this 
Bibliography within our abstract, which is, however, 
available to our Readers free of charge. 


IGNITRON RECTIFIERS IN INDUSTRY 


By J. H. Cox and G. F. Jongs.* 


First applications of ignitrons were in transportation 
service in mines and railways. Since then, as superior 
operating results became known, more than 2,000,000 
kW of ignitron-rectifier units have been installed by the 
electrochemical industry. Some features of installations 
for large power concentration are discussed in this paper, 


* Both authors are ‘with ‘Westinghouse. El. & Mfg. Co. East 
Pittsburgh. 


(From Electrical Engineering, Vol. 61, October, 1942, Transactions, pp. 713-718) 


Continuously pumped ignitrons are manufactured 
to date in four sizes which in six tube assemblies have 
continuous ratings at 600 volts of 1,250, 1,667, 2,500 and 
4,000 ampere. The 2,500-ampere size has been applied 
in greatest numbers. However, the majority of applic- 
ations has been made using 12-tube assemblies. ; 

The ignitron consists of a drawn steel tank with a 
removable cover plate into which is mounted the main 
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ig. 1. Cross-section view of an ignitron. 

A Anode radiator and ter- M Cathode-cooling{coils 
minal N Ignitortip 

B Radiator cover O Quartz ring] 

C Asbestos seal P Baffle 

D Shield entrance bushings Q Quartz tube 

E Tank valve R Steel plate 

F Vacuum manifold connec- S Copper insert 
tion T Terminal block 

G Tank-cooling coils 

H Anode head 

I Tank cover 

J Anode shield 

K Internal cooling coils 

L Mercury cathode 


W Thermal switch 
X Anode plate 
Y Anode porcelain 
Z—Solder seal 


anode bushing and anode shield terminal. Anode, 
deionizing shield surrounding the anode and the baffle 
between anode and cathode pool are of graphite. The 
baffle is insulated from the cathode. The tank itself 
constitutes the cathode connection and is bolted to the 
cathode copper bars on the assembly frame. The 
ignitron is mounted on a rod, which passes through the 
side of the tank, insulated with a glass-kovar-seal on 
a flexible steel diaphragm. The ignitron can be adjusted 
from outside by adjusting screws. A small solid 
radiator terminal holds the seal of the main anode 
bushing within safe temperature. Enamelled aluminum 
wite rings are applied as vacuum sealing gaskets in the 
separate joints of the ignitron proper. The external 
connections to the vacuum pumping system which 
Operates at low temperature are gasketed with iron-band- 
protected rubber. 

The ignitron tanks are cooled by water passed 
through copper tubing attached to the steel with high 
temperature solder. Additional cooling in high current 
units is provided by an internal copper lined steel coil, 
all water-cooled surfaces being made non-ferrous. 
Details of the design can be seen in the cross-section 
view Fig. 1 and the external view Fig. 2 of the ignitron 





U Ignitor entrance assembly 
V, V, Aluminium seal rings 
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described. An assem- 
bly of 12  ignitrons 
rated at 5,000 ampere 
d-c in the 600-volt 
class is shown in Fig. 3. 

One, two or more 
rectifier assemblies may 
be connected to one 
transformer. Where 
the power required can 
be supplied with six 
anodes or where the 
small number of units 
suggests sectionaliza- 
tion to insure con- 
tinuity of service, igni- 
trons are assembled in 
groups of six on one 
frame with one cooling 
system and one vacuum 
pumping and measur- 
ing system. However, 
in large stations sim- 
plicity dictates assem- 
bly in units of 12, as 
shown in Fig. 3. The 
individual tanks are 
connected to the va- 
cuum pumps througha 
vacuum manifold with 
water-cooled pumping : 
connections so hich igaitron. 
condense the mercury vapour and _ prevent 
transfer of mercury between tanks and pump. On 
these large-size tubes an individual vacuum valve on 
each facilitates manufacture and repair. One ignitron 
tube can be interchanged with a spare in less than one 
hour if necessary. Fig. 4 shows a typical ignitron 
installation comprising 12 ignitrons assemblies in an 
electrochemical plant. 

Since cooling water which is pure enough to pass 
through the rectifier jackets or tubes directly is rarely 
available, practically all installations are provided with 
heat exchangers which permit the recirculation of pure 
or treated water. Water-to-water or water-to-air 
exchangers may be used. 

The earlier types of ignitron excitation which 
utilized thyratron tubes have mostly been superseded 
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Fig. 3. 
amperes d-c in the 600-volt class, 





Fig. 2. External view of a single 


An assembly of 12 ignitrons rated at 5,000 
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Fig. 4. Typical ignitron installation in an electro- 
chemical plant. 


by circuits which generate impulse voltages by means 
of saturating reactors, utilizing static devices throughout. 

Two types of phase control of rectifier voltage have 
been used. One is a mechanical phase shifter, which 
consists of a wound-rotor induction machine. The 
phase position of the excitation impulses is determined 
by the position of the phase-shifter rotor in its stator. 
This position is controlled by a fractional-horsepower 
motor through a gear box. The other type of phase 
control utilizes some form of phase-shifting network. 
The latter system is more flexible, where 
automatic control is required-and speed 
of response is important. Also, such a 
network may be designed to include 
voltage-compensating characteristics which 
will maintain full energy excitation through 
supply-line voltage fluctuations as great 
as 50 per cent. 

Station Layout. 

Fig. 5 and 6 show a typical multiunit 
station layout having the simplest and most 
economical arrangement of apparatus 
giving a straight line run of power from 
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room for working on interior parts of rectifiers js 
desirable. 

Usual switching arrangements for ignitron units 
rated at 8,000 to 10,000 amperes in the 600 voltage d-c 
class are shown in Fig. 7. 

Arrangement A: No circuit breaker between a-c 
bus and transformer, as the concentration of power 
supply would require large rupturing capacity. Piimary 
switching is done by the disconnecting switch which is 
capable of opening the transformer magnetizing current. 
Primary faults must be cleared by the switchgear in the 
supply circuit to the plant. This involves plant shut- 
down until the faulty circuit is isolated by operation of 
the disconnecting switches. 

The secondary switching consists of high-speed 
anode switchgear with one pole for each phase of the 
transformer secondary. High-speed switching which 
will limit the d-c rise in the average circuit in the order 
of one-third cycle, on a 60 cycle basis, is essential for 
large multiunit substations. At the time of arc back, all 
normal units will contribute direct current to the arc 
back in the form of reverse current. This current 
increases rapidly, depending upon the inductance of 
the circuit, and must be limited by the switchgear to a 
value which the switchgear can open successfully and 
without undue maintenance and stresses on the other 
equipment involved in the circuit, particularly the 
transformer. 

When an arc back occurs, the sound anodes of the 
ignitron assembly involved will supply current to the 
faulty anode. This feed to the arc back is a short 
circuit, through the arcs involved, on the transformer 
secondary and must be suppressed by opening the a-c 
supply to the transformer or by opening the faulty 
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the a-c supply source to the d-c bus. 

For the layout shown, the a-c switch- 
gear is a small masonry house separated 
from the main building : Outdoor switch- 
gear, outdoor metal-enclosed gear or 
switchgear located in the substation build- 
ing may be used as well. All transformer 
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in the figure may be applied. 

The main building has two levels. 
The ignitrons and all control devices are 
located on the operating floor, some 
accessories and low voltage switchgear in 
the basement. All apparatus in the base- 
ment are operated electrically from the 
operating floor. In many installations the 
low-voltage switchgear is also located on 
the operating floor. 

Some detail equipment which can 
be located as convenient is not shown in 
Fig. 5 and 6. A repair bay is usually 
provided at the end of the substation build 
ing, suitable for untanking even the igni- 
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Fig. 5. Plan view of a typical multi- 
unit ignitron substation. 


Fig. 6. Elevation of a typical multi- 
unit substation. 
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Fig. 8. Schematic diagram 
showing a typical multiphase 
rectifier arrangement. 


DISCONNECTING DEVICE 
OIL CIRCUIT BREAKER 
AUTOTRANSFORMER 
VARIABLE VOLTAGE A-C BUS 
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Where a complete unit outage is 
permitted because of spare capacity 
available, the anode disconnecting 
switches can be omitted. This applies 
to arrangement A, B and C and is 
shown in D. For a single rectifier unit 
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circuit between the transformer and the ignitron. For 
arrangement A the a-c supply to the transformer cannot 
be opened except by operating the circuit breakers in 
the station supply. High-speed anode switching is 
therefore essential for this circuit. The anode circuit 
breakers are supplemented by semi high-speed cathode 
circuit breakers. These are used for normal switching 
operations. Disconnecting switches permit mainten- 
ance of the circuit breakers with a minimum of equip- 
ment out of service. 

Arrangement B: This arrangement can be recom- 
mended if the rupturing capacity of the oil circuit 
breaker required is 500,000 kVA or less. The circuit 
breakers are then relatively inexpensive and each 
ignitor circuit is completely independent of the others. 
The use of high-speed anode switching makes it un- 
necessary to open the oil circuit breaker at the time of 
arc back. 

Arrangement C : This circuit is similar to circuit B 
except that high-speed anodic switches are omitted and a 
high-speed cathode circuit breaker is substituted for the 
semi-high-speed switch. Arc back is opened with 
high-speed action by the cathode circuit breaker. 

Arrangements B and C differ in so far, that in B 
there are six poles of anode switchgear to maintain 
compared to a single larger pole of cathode switching 
in C. The choice between the two arrangements is 
therefore dictated by consideration of maintenance, 
as compared with an occasional failure to segregate the 
fault in a half-rectifier unit. 

In arrangement C the primary oil switch unit 
must be interlocked with the cathode switch, so that the 
entire unit is removed from service in the event of arc 
back. The disconnecting switches in the anode circuits 
to each ignitron section are used so that each assembly 
can be isolated for maintenance and continue with 
normal operation of its associated assembly. 


only. At the time of arc back only the pole of the circuit 
involved in the fault will open, the other anodes con- 
tinuing in service. 

Where the normal five to eight per cent. shunt 
characteristic of non-controlled rectifiers is not sufficient, 
one of the phase control systems is used. There is a 
wide choice of control method, ranging from manual 
to fully automatic. Compensation of a-c voltage loss 
in feeding line can be provided and d-c voltage can be 
adjusted according to d-c load. 

In large stations containing many units phase 
control is used to equalize the currents in the several 
units and to provide small variations in voltages as 
desired. However, since large phase control angles 
adversely affect power factor and increase harmonics, 
the minimum feasible transformer tap is used in order to 
keep the phase control angles ata minimum. Various 
combinations of transformer taps, autotransformers and 
phase control are used in order to enable adjustment 
of the voltage to the individual demands of the electro- 
chemical process concerned without long time wide range 
voltage adjustment by phase voltage control. 


Some processes require that constant current be 
maintained through the electrolytic cells. This can be 
achieved in many cases by appropriate taps and tap 
changing equipments so that phase control of voltage 
is not required between taps or, if used, will be limited 
to a few per cent. in range. But the attempt to maintain 
constant current had to be abandoned, where the 
frequency of tap changing was prohibitive and phase 
control angles to large. 

However, tap changing can be used to secure 
constant kW— input to the cells, insuring maximum 
production at the normal power rate and avoiding higher 
annual rates in case of short time swing over the demand 
ceiling. 
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The loads on the large station buses constitute 
practically a short circuit for a single rectifier unit. 
Therefore, it is not possible to place units on the bus 
individually at full voltage following a station outage. 
Where the power supply system is large with respect to 
the station to be connected to the system it has been 
general practice to connect all units to the power supply 
without excitation and then to close the excitation 
contactors to all units simultaneously with a master 
control switch. When the supply system is not adequate 
for this procedure, all units are connected to the bus 
either simultaneously as above or individually but with 
phase-delay angles set uniformly to limit the station 
current to a value satisfactory to the supply system or 
to the rectifier unit, depending on the procedure. The 
phase control angles are then advanced uniformly on all 
rectifiers units to increase load to normal at a rate satis- 
factory to the supply system. 


The harmonics created by the rectifiers in the a-c 
system to which they are connected, may become the 
origin of serious telephone interference, especially when 
the rectifier load is a large percentage of the system load 
in the exposure area. For electrolytic plants exposures 
between the d-c circuits and telephone lines are easily 
considered. This is not the case in regard to the 
interference with supply a-c systems. 


The number of phases at which any rectifier unit 


HOW TO SELECT, 


By R. F. Wyer, Electric Welding Section, Industrial Department General Electric Company. 
2). 
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can operate, cannot be greater than the number of 
anodes of the unit. Small units having six anode. are 
therefore limited to six phase operation. As the number 
of phases in multiple of six is increased, some of the base 
harmonics of six phase operation are cancelled. the 
cancelling increasing as the number of phases is in- 
creased. Operation of rectifier units in the higher 
multiphase relationships, therefore, decreases the 
telephone interference problem. 

For installations which have a large number of 
rectifier units multiphase operation can best be secured 
by operating the units out of phase with respect to each 
other and in symmetrical relationship. Fig. 8 shows the 
Circuits to the primaries of six rectifiers to secure 36- 
phase overall plant operation. Supply voltage to some 
rectifier transformers is shifted by the use of phase- 
shifting transformers. Experience to date has demon- 
strated that 36-phase operation gives satisfactory 
operation from the interference standpoint in most 
cases. However, for very large and concentrated 
rectifier installations operation at 72 or 108 phases may 
be of advantage. 

If one rectifier unit in a multiphase set-up is taken 
out of service, an unsymmetrical phase relationship will 
result. Under this condition, a 36-phase arrangement 
gives just as good results as a higher numbered phase 
arrangement. Operation with one unit out of <ervice 
gives reasonably satisfactory results. 


INSTALL and MAINTAIN ARC-WELDING SETS 


(From General 


Electric Review, Vol. 45, No. 8, August, 1942, pp. 438-44 


WHILE to-day’s arc-welding sets represent the highest 
in simplicity and reliability, they will require periodic 
attention from a maintenance standpoint if they are to 
be kept in the best operating condition. A systematized 
maintenance program will pay dividends in terms of 
better welder performance and longer life. 


Selection and Installation. 
Selection. 


To insure proper choice of the rating of a single 
operator set, the maximum current, load voltage, and 
duty factor (ratio of arc time to total time) must be taken 
into account. Except in the smallest sizes, most sets 
are rated on a one-hour load. Their rating is the 
current which they will deliver for one hour without 
interruption, and without exceeding a prescribed 
temperature rise. 

Since this method of rating, chosen as a simple 
standard for comparison, does not take into account 
actual operating conditions, it is not always economi- 
cally sound to choose the size next larger than the 
maximum operating current contemplated. However, 
for the same reason duty factor should be taken into 
account when new equipment is being considered to 
make certain that the set is big enough for the job. 


Installation. 


In wiring up a welding set, care should be taken to 
provide adequate branch-circuit conductors, and fuse 
clips large enough to accommodate the necessary fuses. 
It should be observed that motor-generator-type weld- 
ing equipments have full-voltage motor starters almost 
without exception, so that due consideration must be 
given to the starting current of the motors. 

Care should be taken to ground the frames of all 
welding equipments in order to avoid shock or annoying 
tickles when a grounded person touches the frame of 
the equipment. Even with equipment in perfect 
operating condition, under some circumstances it is 


possible a harmless but irritating sensation of shock 
from ungrounded equipment, due to the passage of 
leakage or infinitesimal capacity currents. In addition 
to protecting against this annoyance, adequate ground- 
ing of machine frames is also a desirable safety pre- 
caution against harm resulting from insulation failure 
in equipment or leads, or improper connections. 

Regardless of the type of safety ground connection 
which is installed, adequate low-resistance work leads 
should always be used, and care should be taken to 
secure good connections between the work lead and the 
work. If this is not done, it is possible under some cir- 
cumstances for the safety ground connection to become 
overheated, as a result of welding current passing 
through it. 

In the location of welding equipment, ventilation is 
a very important consideration. The life of electrical 
insulation is seriously shortened by overheating, and 
overheating is bound to result where insufficient venti- 
lation is provided. In some instances, it is desirable to 
provide exhaust fans to assist in removing heated air and 
in keeping the ambient temperature below 100 F. 


Inspection and Regular Servicing. 
Records. 


The competent maintenance man will have a record 
of all welders under his care. All repair work, with its 
cost, can be entered on the record, and any welder 
requiring excessive attention or expense can be investi- 
gated and the causes determined and corrected. 

Inspection records will also serve as a guide to tell 
when welders should be replaced because of the high 
cost to keep them in operating condition. 


Motor Inspection and Maintenance. 


A systematic and periodic inspection of motors and 
generators is necessary to insure best operation. Most 
machines are located where some sort of dirt accumu- 
lates on the windings, and this lowers insulation resis- 
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TABLE 1—COMMON ARC-WELDER TROUBLES AND THEIR REMEDIES 





Trouble 


Cause 


Remedy 





Machine fails to hold! 
heat 


Rough or dirty commutator 


Commutator should be trued or cleaned 





Brushes may be worn down to limit of adjustment or life 


Replace or readjust brushes 





Brush springs may have lost adjustment or may be 
broken 


Replace or readjust brush springs 





Field circuit may have variable-resistance connection 
or intermittent open circuit 


Check field current with ammeter to discover varying 
current. his applies to both the main generator and 
exciter if used 





Electrode lead or work lead connections may be poor 


Tighten all connections 





Wrong grade of brushes may have been installed on 
generators 


Check with manufacturer’s recommendations 





Field rheostat or tap switches may be making poor 
contact and overheating 


Inspect rheostat and clean and adjust finger tension on 
switches 





Brush-shifting or other mechanical current-adjusting 
mechanism may have loose or worn links 


Check current-adjusting mechanism for back-lash and 
play 





Motor trips off line 


Power circuit may be single-phased 


Check for one blown fuse or dead line 





Welder may be operating above current capacity 


Check load against welder nameplate. Check duty 


cycle 





Welding electrode or work leads may be too long or 
too small in cross section 


Check terminal voltage while machine is loaded ; it 
should not exceed 30 volts on small machines or 40 
volts on large machines when operating at rated current 





Ambient temperature may be too high 


Make sure that temperature in motor-generator room 
or housing does not exceed 100 F and that there is no 
interference with normal ventilation of the machine 





Machine fails to start 


Power circuit may be completely dead 


Look for open disconnect switch, fuses removed from 
clips, or blown fuses 





Power circuit may be single-phased 


Look for one blown fuse or one dead line 





Power-line voltage may not be suitable for motor, or 
may be extremely low; may be accompanied by 
chattering of the motor starter 


Check voltage with voltmeter, particularly at the 
moment of attempted starting 





Machine may be jammed 


See that armature turns over easily by hand, and look 
for foreign material in air gaps 





Motor starter may be single-phased 


Check to see that all fingers on starter make contact 
when closed 





Overload protecting relays may be tripped 


See that relay contacts are closed and that starter picks 
up when push button is pressed. Be sure to remove 
cause of tripping 





Welder starts but fails 
to generate 


May be running the wrong way 


Check direction of rotation with manufacturer’s in- 
structions or direction arrow. On 3-phase motors, 
direction of rotation may be changed by interchanging 
any two leads 








Generator or exciter brushes may be loose or missing 


Be sure that all brushes bear on the commutator and 
have proper spring tension 





Exciter may not be operating 


Check exciter output voltage with volt-meter or lamp 





Field circuit of generator or exciter may be open 


Check for open circuits in rheostat, field leads, and 
field coils. Also check resistors and rectifiers, if any. 
Some machines give low output when fields are open 





Generator may be reversed in polarity due to another 
machine or incorrect operation in parallel with another 
machine 


*Flash the field with a storage battery or another 
generator, first with one polarity and then with the 
other, to see if it builds up. (Flash exciter field if set 
has separate exciter) 





Series field and armature circuit may be open-circuited 


Check circuit with ringer or voltmeter 





Welding arc is loud 
and spatters  ex- 


Current setting may be too high 


Check setting and current output with ammeter 
Check polarity 





cessively 


Polarity may be wrong 





Try reversing polarity or try an electrode of the opposite 
polarity 





*“ Flashing ” the field of a generator or exciter is a method of establishing the residual magnetism of the field structure with the proper 


polarity to cause the machine to “ build-up, 


” 


or generate voltage. 


momentarily, using an external source of direct current to supply the power. 


If a low-voltage source, such as a storage battery, is used, the series field of the generator should be flashed ; if a higher voltage source 
such as another generator or exciter is used, the shunt field should be flashed. 


It consists of passing a relatively heavy current through the field windings 
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tance and cuts down creeping distances. Some dusts 
are highly abrasive and actually cut the insulation in 
being carried through by the ventilating air. 

If conditions are extremely severe, weekly inspection 
and partial cleaning are desirable. Most motors require 
a complete overhauling and thorough cleaning about 
once a year. 


Transformers. 


On fan-cooled arc-welding-transformers of alter- 
nating-current welders, fans should be cleaned and 
lubricated about once a year. Windings should be 
blown out at least twice a year, more often in dirty 
places. At the time of this periodic attention, all con- 
nections and coil supports should be checked for tight- 
ness. Manual current adjusting mechanisms should be 
lubricated with a fairly high melting-point grease often 
enough to prevent stiff operation. On motor-operated 
controls, lubrication at more frequent intervals may be 
required. 


Abuses. 


Some not infrequent circumstances cause serious 
impairment if not complete interruption of the work. 
One bad practice, for example, is that of leaving weather- 
protecting tarpaulins thrown over machines in opera- 
tion, in such a way as to interfere with the free passage 
of the ventilating air. Sometimes, extension leads for 
either the electrode or work terminals are not properly 
connected. It is practically impossible to bolt or wedge 
untinned flexible cable to another conductor and to 
secure a good low-resistance joint. Soldered or reliable 
solderless connectors or terminals should always be used. 

The use of excessively long electrode or work leads 
with motor-generator-type welders will result in over- 
heating of the motor when operating in the upper part 
of the current range unless extraordinary large cables, 
or a number connected in parallel, are used. Over- 
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heating of the motor from this cause is a frequent 
reason for motor-generator welders tripping off the line. 

A source of trouble which is not protected against 
by the motor overload relays is the intentional or un- 
intentional application of a long, continued short- 
circuits on the generator. Because of the low generator 
voltage involved, the very heavy generator current does 
not require sufficient power input from the line to cause 
the motor overload relay to trip. Nevertheless, the 
generator may be seriously overheated or burnt out. 

The use of improperly bonded structural steel 
systems or building frameworks for the welding-current 
return circuit is undesirable. The high-resistance 
path thus afforded to the welding current may result in 
overheating of the welder motor, and in addition, there 
is always the possibility that arcing or overheating of 
some poor connection, possibly quite remote from the 
scene of operation may start a fire. 

No attempt should be made to adjust welding- 
current output by any means other than those provided 
and recommended by the manufacturer of the equip- 
ment. 

In transporting welding equipment, rough handling 
resulting in permanent mechanical damage is all too 
frequent. Also care should be taken to avoid using arc- 
welders out-of-doors in unfavourable weather. Welders, 
designed to be both semi-protected and drip proof, 
should not be used in rain or other precipitation without 
suitable protection. Protecting tarpaulins or temporary 
sheltérs must be arranged so as not to hinder ventila- 
tion of the equipment. 


Common Troubles and their Remedies. 


The causes and remedies for the majority of troubles 
which may occur with arc-welders are given in Table I. 
However, the proper selection, installation and main- 
tenance of this equipment will serve to reduce these 
troubles to a minimum. 


WELDING TRANSFORMERS AND THEIR CONTROL EQUIPMENT 
FOR UNIONMELT WELDING 


By W. E. WILSON. 


UNIONMELT* welding is a submerged melt welding 
process in which the welding heat is generated electri- 
cally and the operation is carried out automatically. 
With this process a special Unionmelt welding head 
and voltage control, supplied by the Line Air Products 
Company, are used to feed the welding rod into the 
welding zone and to maintain the proper welding con- 
ditions. In addition to these devices, one or more 
suitably controlled welding transformers are required 
to supply the heavy current and to operate the welding 
equipment. 

In general, the nominal rating of the transformer 
(or combined nominal ratings where two or more are 
operated in parallel) need not be greater than the 
rating of the head or heads involved, but may be less 
if sufficient to meet the service requirements ; it may 
be greater, if there is no other transformer available. 

The welding heads are made in three standard 
ratings: 1000-amp., 2000-amp., 4000-amp. The 
transformer capacity of any of these heads may be 
obtained either by using a single unit or by using a 
number of transformers in parallel. 


Selection of Transformer Size. 
With such freedom in the manner in which the 
total required transformer capacity can be obtained, 


*Unionmelt is a registered trademark of the Linde 
Air Products Company. 


(From General Electric Review, Vol. 45, No. 8, August, 1942, pp. 451-457). 


the question of size of individual transformer units 
resolves itself largely into a consideration of the follow- 
ing factors : 

(a) Type of transformer mounting—stationary or 
portable. 

(b) Additional uses—the individual transformers 
may also be used for manual welding when not in use 
for Unionmelt welding. 

(c) Availability—this may also be a factor if a single 
welding transformer larger than the 1000-amp. unit is 
considered desirable. 

The question of initial investment may seem to 
favour the installation of multiple units of the 5000- 
amp. size rather than fewer of the larger units. How- 
ever, the larger units have about eight per cent higher 
efficiency and especially those having built-in control 
require less wiring. 


Since the larger transformers having _ built-in 
primary control require less space and weight per 
ampere of installed capacity, they are normally used 
with portable installations. On the other hand, if the 
Union melt installation is to be used periodically and 
if in the meantime the welding transformer capacity 
could be used for manual welding, then the 500-amp. 
units might be advantageous. 


Open-Circuit Voltage. 
In selecting welding transformers for Unionmelt 
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nt work or similar applications, any particular open-circuit 
Ze voltage should not be considered as a requirement of 
st the application. Rather, the open-circuit voltage may 
1- be regarded as merely incidental to the particular 
E transformer design. 
or Insofar as the amount of voltage or current necessary 
es for successful welding is concerned, the most that is 
se required of the welding transformer is sufficient capacity 
1¢€ 0: 

(1) Supply enough welding current to equal the 
el capacity of the head. 
nt (2) Supply this current at a voltage which is high 
ce enough to equal the welding voltage plus the voltage 
in drop in any reasonable length of welding cable. 
re A design which fully meets these requirements of 
of the application and at the same time has an open-circuit 
e voltage of 75 or 80 volts is to be preferred over designs 

requiring higher open-circuit voltage, because of higher 

7. power factor, lower Kva-input, higher safety and saving 
‘d of operating time as connections do not have to be 
)- changed in order to obtain full output. 

For these reasons, the welding transformers de- 
ig scribed in this article embody the integral reactance i 
10 design which provides full-range output with 80 volts 
C- open circuit (Fig. 1) for 750-amp. rating and higher. 
S, Equivalent performance is provided by the 500-amp. 
if. size having 75 volts open circuit. Designs not employ- 
at ing integral reactance may require higher open-circuit 
ry voltages. 
a- Parallel Operation. 


When properly connected and operated in parallel, 
each transformer will deliver the current for which it is 
adjusted and the total current available for welding will : 
eS be the sum of the output currents of all units connected Fig. 2. Primary side of the transformer with door open. 





I. in parallel. When operated in parallel, the following to the same phase of the power supply, and must be 
5 precautions should be observed. suitable for the power supply voltage. 


“ The primary side of each unit must be connected On the output side, the ground and welding terminals 
must be all properly connected to their respective 
welding-circuit buses. No special precautions need 
to be observed relative to differences in open-circuit 
voltage. Units, having an open-circuit rating of 75 
volts could be operated successfully in parallel with 
sizes having an open-circuit voltage of 80 volts. 

A third precaution must be observed when trans- 
formers having built-in means of power factor improve- 
ment are operated in parallel. When the primary of 
one of these transformers is disconnected, either its 
capacitor circuit must be opened or else its secondary 
circuit must be disconnected from the welding bus. 
Otherwise, excessive voltage may be built up in het 
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principle permit adjustment of their current-regulating 
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rating. Hence at rated-current output ample extra 
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Fig. 4. Transformers not embodying the integral 
reactance principle, may require an additional tap at 
higher open-circuit voltage to supply additional voltage 
(c). 


primary winding through resonance with the capactor 
circuit—a condition which would be hazardous both to 
operators and to equipment. 

Each transformer, having built-in primary control 
provides a contactor in the capacitor circuit which 
automatically opens and closes this circuit whenever 
the line contactor is opened or closed. 

The 500-amp. 'transformators, however, are not 
made with built-in primary control. To obtain se- 
gregated operation, a separate control panel must be 
installed for each transformer or group of transformers 
which are to be segregated,'the latter,being the common 
practice. 


Incoming power line. 
single-phase, 60 or 50 cycles 
220, 440, or 550 volts. 


Adjustment of weldingcurrent 
extended to Unionmelt panel. 
Can be paralleled tq include 
some or all of the. welding 


transformers used. 
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WELDING TRANSFORMER ? 
NO. 2 G-E welding transformer 
includes: 
(1) Motor-operated current-adjust 
. , ° ing mechanism 

To provide any required maxi- (3) Ktnkecsbawer pal bentane: 

mum capacity. the arrangement 

shown herewith can be extended (3) Receptacle for extending push 


button operation to Unionmelt 


to include any number of G-E contro! panel 


welding transformers having 
built-in primary control. (4) Current -indicating scale 
(5) Built.in capacitors 


(6) Built-in control panel with dis 
connecting switch and 2-kva, 110- 
volt transformer for operating 
built in panel, current-adjusting 
motor, ventilating fan, and Union. 
melt auxiliaries, whet or not 
the arc is in operation. 
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Welding Current Adjuster. 


It is desirable that-remote control of welding current 
be provided so that welding current may be changed 
quickly and easily by means of push buttons mounted 
on the voltage control panel. For this reason, each unit 
of the 1000-amp. size is built with motor-operated 
welding-current adjuster. This feature is also available 
with the 750- and 500-amp. transformers. 

Since the principle function of remote control is to 
provide only refinement of adjustment at the voltage- 
control panel, it is not always necessary that each unit 
of a group be equipped with a motor-operated current 
adjuster. This arrangement does not reduce the 
available range, but it does reduce the percentage of the 
range over which remote control is available. 


Built-in Capacitors. 

To obtain uniform welding the primary voltage 
never should change suddenly by more than 5 per cent. 
Built-in capacitors assist greatly in simplifying the 
problem of power distribution and of maintaining 
steady voltage. They boost the power factor from about 
50 per cent to over 80 per cent at full load, and i increasing 
up to unity power factor at half load. When operating 
in the region of unity power factor, loads can be switched 
on and off a feeder wita much less disturbance to voltage 
than when the power factor is lower. 

Capacitors also prevent the flow of practically all the 
lagging current that would be drawn by transformers 
not equipped with capacitors. Thus line amperes are 
reduced which permits smaller primary cable, line 
switches and fuses to be used. 

When the transformers are operated at half load or 
less, built-in capacitors provide a leading power factor 
effect which helps to offset any lagging power factor 
effect caused by motors or other induction loads on the 
feeder. 
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Fig. 5. Typical arrangement for Unionmelt welding using transformers with built-in primary control. 
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Incoming power line. single-phase. 
220, 440. or 550 volts. 
nt | 
ed | 
ed 
rit 
ed SEPARATELY MOUNTED 
‘le G-E CONTROL PANEL, CR7905-Y1 
110-volt power RAISE 
for Unionmelt Bs) 
to With disconnecting switch and 2-kva, 110-volt auxiliaries. UNIONMELT WELDING- 
e- auxiliary former. for — a oe VOLTAGE CONTROL PANEL 
ait fan, and Unionmelt auxiliaries, whether or not if Furnished by 
nt arc is in operation. N Linde Air Products Co. 
he ' , (Includes ammeter, voltmeter and 
he N Raise-Lower push buttons ) 
- : 4 
HWo-volt power | ¢— Primary power for welding transformers. (o) oy 
for fan and cur- a 
ge rent-adjusting AMMETER VOLTMETER 
nt motor. G-E transfer switch 
he Ness needed when both 
ne [ 1] ranges of current trans- ff 
ng former are to be used. 
yut ) \ 
ng WELDING TRANSFORMER Multiconductor _ 
m NO 1 N control cable 
WELDING TRANSFORMER G-E welding transformer may Pilot circuit for N 
e NO. 2 or may not include one or more line contactors. 
ge of the following. as desired: 
-ad- \ ( i } ‘ 
; To provide any required maxi- a) Pera one og ad Start-Stop switch 
he mum capacity, the arrangement 5 \ N 
ers shown herewith can be extended (2) Raise-Lower push but- Adj f welding current UNIONMELT 
are to include any number of G-E tons. extended to Unionmelt panel. WELDING HEAD 
welding transformers and pri- (3) R le for di Can be paralleled to include 
ine mary control panels. push-button operation to some or all of the welding Furnished by 
Unionmelt control panel transformers used. N Linde Air Products Co 
or (4) Built-in capaciters. (Includes Start-Stop switch.) 
tor G-E current transformer \ 
: needed for operation of 
tor on Unionmelt panel. 
he LG | | ct Welding 
Saran electrode 
:: 4. Welding-current circuit. 
~ | IA LLiLLLMS SSS) 
Ground clamp———» 
WORK 
Fig. 6. Typical arrangement for Unionmelt welding using transformers with separately mounted primary control. 
Built-in Capacitors vs. Capacitors on Power Within the limits of its capacity, a transformer with 
Feeder. built-in primary control fulfills—as a single unit—the 
A bank of capacitors installed across the power principle requirements for power to operate Unionmelt 
feeder has no corrective effect on the power factor of equipment. Selective operation can be obtained by 
feeders running from the capacitors to the welding simply opening the disconnecting switch of any trans- 
transformers. This requires larger feeder than when former omitted from the operation, because the built-in 
: transformers with built-in capacitors are used. control isolates the capacitor circuit when not in opera- 
Built-in capacitors help to keep the feeder voltage ton. : ? 
steady because they are automatically switched on and Built-in control is especially advantageous for 
off the line with the welding load. Capacitors connected portable application and also simplifies wiring, as illus- 
across the feeder cannot be made to change in proportion trated by a comparison between Figs. 5 and 6. 
r to the number of transformers on the line without pro- With either type of primary control, however, an 
| hibitive cost. auxiliary transformer with a rated output of 2 kva, 
Built-in capacitors also permit transformers to be 110/220 volts and protected by fuses is included to 
moved readily from one feeder to another. In addition furnish power for operating the current-adjusting motor 
they also conserve space because they are included in and the transformer and Unionmelt auxiliaries. A 
the transformer case, whereas a bank of capacitors disconnecting switch permits quick, easy removal of all 
requires extra floor space and extra enclosure. power from the control panel and the transformer. 
Selection of Primary Control. Provision for Metering. 
| Welding transformers in 750- and 1000-amp. sizes A voltmeter and ammeter are furnished with the 
are available with built-in primary control which per- Unionmelt welding voltage-control panel as standard 
; mits an arrangement illustrated in Fig. 5. Welding equipment. The voltmeter is so connected as to indi- 
transformers of the 500-amp. size do not have built-in cate welding voltage. A voltmeter located on the 
ee. These as well as alternative designs of the welding transformer would not indicate arc voltage, but 
SS 0- and 1000-amp. units not having built-in primary instead the sum total of arc voltage plus the resistance 
orga must be provided with a separate control panel. and .reactance voltage drops in the welding secondary 
his requires an arrangement illustrated in Fig. 6. cables. 
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The ammeter on the Unionmelt panel is placed there 
for the purpose of indicating welding current. Since 
its current transformer is installed on the main welding 
bus, it causes the ammeter to indicate total welding 
current regardless of the number of welding trans- 
formers which may be used in parallel to make up this 
current. 

The current indicators on the side of each 


welding transformer are of sufficient accuracy to indicate 
the division of load between the transformers. How- 
ever, a separate ammeter can be installed on each welding 
transformer, terminals being already provided for 
making the electrical connections. The primary rating 
of the current transformer on the Unionmelt panel 
should at least equal the rating of the welding head with 
which it is used. 


DRAG PROBLEMS IN PRESENT DAY AIRCRAFT DESIGN 


By Dirt. ING. WERNER HAUSAMMANN, Eidgenoessische Konstruktionswerkstaetten, Thun, Switzerland. 
From Flugwehr und Techmk, Vol. IV., No. 7, July, 1942. pp. 179-184. 


THE development of aircraft during the past twenty 
years has brought about a tremendous increase in speed. 
Prototypes of to-day have a speed of 760 km/h (470 m/h) 
and it is expected to reach 850 km/h (530 m/h) in level 
flight in the near future. 

Principally the following possibilities exist to 
improve aircraft performance : 

1. Increasingengine power, reducing weight-power 
ratio, fuel consumption and frontal area. 

2. Reducing the structural weight through more 
exact estimation of the forces acting; new materials. 

Aerodynamic improvements by 

(a) reduction of all dimensions to the absolute 
minimum necessary (high wing loading, small 
frontal areas and small surface areas). 

(6) avoiding sources of drag, reduction in 
magnitude of the unavoidable drag. (Reduc- 
tion of friction drag by improvement of surface 
finish). 

(c) increase in airscrew efficiency. 

Especially points 3 a and b are promising for future 
development. In addition to -the above mentioned 
requirements at speeds beyond 650 km/h (400 m/h) the 
compressibility of air has to be taken into account. 

The total drag of a modern aircraft with the maxi- 
mum speed of about 600 km/h (370 m/h) can be sub- 
divided as follows : 
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It can be seen that frictional drag amounts tc 61 % 
of the total drag. 

The wing loading, an active means for speed 
increase has risen from 40 kg/m? (8.2 lb./sq. ft.) of 
25 years ago to the present value of 200 kg/m? (41 
Ib/sq. ft.) and beyond. The possible increase in wing 
loading is limited by the simultaneous increase in 
induced drag which tends to counterbalance the gain in 
profile drag due to the higher wing loading. 

In the above example the induced drag was 5% of 
the total drag. When climbing at a speed of 60 % of the 
maximum speed, 15% of the engine power is absorbed 
in overcoming the induced drag. 

Another difficulty of high wing loading lies in the 
high maximum lift coefficient for landing. Fig. 1 shows 
the relation between wing loading G/F and landing 
speed V,;. The diagram is made for 500 metres, 
1.C.A.N. conditions. 

It has been shown above that the greatest percentage 
of total drag consist of friction drag. The subdivision 
of drag into friction drag and form drag of a body is 
somewhat uncertain as the friction drag is dependent also 
on the shape of the body. It is better to replace 
“form ” drag by the term “ pressure ” drag, as one can 
understand by this the component in the direction of 
flow of the pressure exerted by the flow on the body 
(see Fig. 2). 





Fig. 2 
Thus, the pressure drag Wp is : 


Wp=|p.sing.df 


The friction drag Wp can be defined as a com- 
ponent in the direction of flow of the frictional forces 
acting on the surface. 


Wr= | 70. c0s g.df 


The total resistance Wtor = Wp + War. 

The pressure distribution thus determines the 
pressure drag. For high-speed flying, therefore, the 
lift will not be governed by the angle of incidence but by 
cambering of the profile, because the pressure at zero 
incidence is very small. 

The immense influence of the laminar and tur- 
bulent boundary layer on the friction drag is well known. 
Fig. 3 gives the friction drag coefficient as a function of 
the Reynolds number. Laminar flow according to 
Blasius is denoted by a; the turbulent flow according to 
Karman by b. Whether laminar or turbulent boundary 
layers are obtained round a body, depends on the flow 
and other factors. Generally, in the front part the 
boundary layer is laminar, then there is a zone 0 
transition in which turbulence starts. In Fig. 4, a is the 
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Fig. 3 
laminar zone, c the transition zone, and, b denotes the 
fully turbulent zone which, however, has a laminar 
sub-layer d. 

The transition curve in Fig. 3 is shown too, and 
denoted by c. The transition point is at Reynolds 


number, Re = 5 10°. 
a 





V 
— —— 
are! 
Fig 4 


With increasing Reynolds number as well as with 
increasing degree of turbulence, the transition point 
moves forward. This results in an increase in drag ; a 
greater percentage of the boundary layer being tur- 
bulent. It is as yet impossible to state for a flat plate 
a simple relation between Reynolds number of the 
transition point and the degree of the turbulence of the 
air. The reason being the complex nature of tur- 
bulence. It is of great significance for aviation that the 
degree of turbulence of the free atmosphere is small as 
compared with that of wind-tunnels. 


Influence of surface roughness. 


(a) Laminar boundary layer: A_ permissible 
roughness exists here, below which the local roughness 
has no influence on the transition point or drag 
coefficient Cy. The surface can be regarded as 
smooth. As soon as a_ permissible roughness is 
exceeded, the transition point moves forward. Between 








the value J 7o and the permissible roughness the 


following relation has been established experimentally’ ; 
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JV po v= kinematic viscosity of air. 
k. T = local shearing stress. 
etaes P =K p= density of air. 


Li K= permissible roughness. 
The constant K found by experiment is : 
K = 13 for the flat plate. 
K~~ 13 to 16 for aerofoil sections. 


JV To is a function of the location and the shape of 
p 


the body, and can be found by Polhausen’s method 
within the zone of a negative pressure gradient. 


In Fig. 5 ro and K for the flat plate are plotted 
against, x, the distance from the leading edge, at a speed 
of flow V = 180 m/sec. at zero height, 1.C.A.N. 
conditions. It can be seen that the requirements as to 
roughness are not severe in the laminar boundary layer. 
The grain size of 0.025 mm obtained by sprayed dopes 
is sufficient and the front part need to be polished only, 
as K is here low. ; 

(b) Turbulent boundary layer: in Fig. 6 the 
coefficient of friction Cw of the flat plate is plotted 
against Reynolds number. The roughness K is divided 
by t, the wing chord as parameter. (For completeness 
the laminar flow is shown dotted, the transition dash- 
dotted). The curves show that the smaller the relative 
roughness, the higher the Reynolds number up to which 
the plate can be regarded as if it was perfectly smooth. 
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This behaviour has its physical explanation in the fact 
that local break-away occurs as soon as a grain protrudes 
from the laminar sub-layer. The roughness has less 
effect toward the trailing edge as the thickness of the 
laminar sub-layer is there increasing. The graph in 
Fig. 6 has been obtained experimentally. The following 
empirical relation has been found for the permissible 
roughness : 

V.k 

—-- < 75 to 110 for Re=7-5 x 10* to 1-1 x 108 
As an example, for the flat plate at V = 180 m/sec., the 
permissible roughness k = 0.008 mm. Such a smcoth 
surface can be achieved only by the most careful treat- 
ment. The surface roughness of present-day aircraft, 
increases the profile drag by 13-14% as compared 
with the perfectly smooth wing. 





(1) Tani, Hama and Mituisi: On the Permissible Roughness in 
the Boundary Laver, Report of the Aeron. Research Institute, 
Tokio, No. 199, October, 1940. 
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Fig. 7 
Influence of the pressure gradient. 

Positive pressure gradients tend to bring about 
transition, negative pressure gradients delay it. This 
can be exemplified by the flat plate. 

If Rex is the Reynolds number of the transition 
point, Rex = 1.1 x 10° for zero pressure gradient, 
Rex = 1.8 x 10° for pressure gradient from leading 
edge to transition point equalto — 5 % of the stagnation 
pressure. 

The pressure gradient influences the local laminar 
and turbulent friction, whereby the positive gradient 
diminishes the coefficient Cy, the negative increases 
Cw. The reason for this is, that the thickness of the 
boundary layer increases with positive gradient, thereby 
the velocity gradient at the surface becomes smaller and 
thus the shearing stresses become smaller, too. The 
laminar boundary layer tends to break away rather more 
than the turbulent layer. The latter is capable of 
overcoming considerable pressure increases. 


-Influence of curvature. 


Convex curvature of surface delays transition, concave 
curvature accelerates it. For instance, for a radius of 
curvature of 50 cm, the Reynolds numbers of transition 
are given by 
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Re convex = 2 Re concave (?). 


The explanation of this lies in the centrifugal 
effect of the curved flow. For the concave curvature 
in Fig. 7 one can see that the particles at the proximity 
of the surface are more strongly braked than those at 
some distance within the boundary layer. This results 
in V, > V, and thus the centrifugal forces are Z, > Z,,. 
However, this state is unstable and the resulting lateral 
movements increase the turbulence and movement of 
the transition point occurs. 
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Based on the above mentioned phenomena, aerofoil 
sections have been designed which excel by having a 
large region of laminar flow. A typical representative 

_of this high-speed aerofoil is shown in Fig. 8b. Both 

* sections, Fig. 8a and b, have their maximum thickness 
equal to 12% of the chord t, and the diagrams give the 
pressure distribution for Ca = 0.08. Fig. 8a shows the 
NACA 23012 aerofoil, Fig. 8b a high-speed section, 
measured in the wind-tunnel of the E.T.H.*). The full 
curve gives the pressure distribution over the upper 
side, the dotted curve over the lower side. 

Considering that the transition point must lie near 
the mimimum pressure point, it can be seen that with a 
high-speed aerofoil the percentage of laminar flow is 
considerably greater and thus the drag is smaller. 

Moreover it can be seen from the pressure dis- 
tribution that super-speeds are smaller with the high- 
speed aerofoil than with the usual one. This has a 
favourable influence on the compressibility effect. It 
is well known that at high speeds the compressibility 





(2) Clause: The effect of curvature on the transiticn from 
laminar to turbulent Boundary Layer. NACA, Techn. Notes; 
No. 613, Coe 1937. i 

(3) E.T.H. being the abbreviation for Eidgenoessische Tech- 
nische Hochschule, the Swiss Federal Technical College of Zurich. 
—Editor Engineers’ Digest. 
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effect of the air changes the characteristics of flow, and 
that the relevant figure for the occurrence of this change 
is Mach’s number M : 
ties V _ speed of flow (*) 
a __ speed of sound 

Fig. 9 shows the increase of the drag coefficient Cw 
with M for the NACA 4412 aerofoil at Ca = 0.2. With 
this drag increase occurs a sudden drop in lift. The 
maximum suction for compressible flow can be found 
by using the relation of Prandtl and Glauert for the 
incompressible flow. 
The notation being : 


(2 ) = pressure coefficient. 
Ap= pressure difference. 
q= : V?=stagnation pressure. 


Suffix O : incompressible flow. 
Suffix M: compressible. flow at Mach number M 
(related to the undisturbed flow). 


Then: (42) -(4") oe ee 
q /m q Jo / 1—M? 


More accurate is the expression by Karman-Tsien. 
1 

2). Over () 

g/m qo 1—M*+ 1 4/1—M? ato 


4 
To each value of = there is a critical Mach 


(4) The problem of Compressibility has been dealt with in 

Flugwehr und Technik in an article by Professor Ackeret the head 

of the Aerodynamics Department of the E.T.H. We consider this 

article to be of general interest. and shall abstract it therefore, for 

bo benefit of our readers in future numbers of The Engineers’ Digest. 
itor. 
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number Mg, at which the speed of sound is reached. 
Fig. 10 shows Mc = f (+) 


To avoid shock stalling the super-speeds must be 
reached as far as possible. In fulfilling this require- 
ment for aerofoils, the shape realised is identical to that 
obtained for large percentage laminar flow, i.e. the high 
speed aerofoil. 

In Fig. 11 the critical Mach number is shown as a 
function of the lift coefficient C,. Both curves are for 
aerofoils of a maximum thickness equal to 12% of the 
chord ; the dotted curve applies to NACA 23012, the 
full curve to the high-speed aerofoil. 

Especial attention must be paid to the design of 
airscrews as the compressibility effect is greatest here. 
Analogous‘ conditions are encountered at the wing- 
fuselage joint, nacelles, slots, etc. 


THE TORSIONAL FATIGUE STRENGTH OF HIGH TENSION STEEL 


By H. CorneLius and F. BoLLENRATH, Report of the Research Institute for Material Testing, D.V.L., 
Berlin-Adlershof. (From V.D.I.-Zeitschrift, Vol. 86, No. 7/8, 21st February, 1942, pp. 103-108). 


THE most important application of high tensile steels 
isin aero-engine crank-shafts. In Germany the strength 
limits are 90 to 100, and 120 to 130 kg/mm?. As some 
captured engines have shown, the same limits apply 
abroad too (i.e., England, France and U.S.A.). 

Some years ago crankshafts were used, the ultimate 
tensile strength of which by far exceeded 130kg/mm?. 
Modern aero-engine design tends again towards such 
high values. As the machining of high tensile steeis is 
both difficult and expensive, the employment of steels 
over 130kg/mm? offers advantages only if the torsional 
fatigue strength increases simultaneously. 

The relationship between tensile strength and 
torsional fatigue strength is shown in Fig. 1-3. The 
results were obtained by E. Houdremont.* As in- 
formation on the torsional fatigue strength is scanty 
and for higher tensile values it seems to be lacking en- 


tirely, the author carried out experiments on two steels, 
the compositions of which are given in Table I. 

Both whole and cross drilled cylindrical test pieces 
were used as shown in Fig 4 and 5. (All dimensions 
in millimeters). The surface of the testpieces was 
ground and polished with 000- abrasive. The ultimate 
tensile stress was varied by a suitable heat treatment. 
To obtain an ultimate tensile stress of 170 kg/mm?, the 
test pieces of material B have been quenched in water at 
860° C and tempered at 120° C. For the lower carbon 
steel, A, the corresponding treatment (using a quenching 
temperature of 820° C) yields an ultimate tensile 
strength of 160kg/mm*. 

Table 2 contains data derived from static tests, and 





~ *See: Stahl und Eisen, Vol. 59, 1939, pp. 1-8 and 
33-39. 

















TABLE I. 
Steel | Constituents in % 
| Si Mnj P | | G@& [ Ni; Mo; Wyev 
A | 0.22 | 032 | 042 | 001 | 001 | 166 | 42 | — | 098 | — 
B | 0.32 | 0.44 | 0.63 | 0.012 | 0.01 | 247 | 15 | 0.29 | r 
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TABLE II. 
Specified | Ultimate | | Reduction 

Steel Strength | Proof Stress Irensile Strength! Elongation | in Area | Notched bar 

Limits 0.02 CO?) | Os | 10 | vy | ___ impact test 

kg/mm? | kg/mm? | kg/mm? kg/mm? % | % kgm/cm? 
A, 90 to 100 [ o— 79 95 21 71 ae 
A, 120 to 130 oo ; 114 130 i 54 | = 
As 140t0 150 | 97 | 121 144 9 60 11,4 
Ay 160 to 170 93 128 160 8 56 10,1 
B, 90 to 100 — | 87 99 18 67 — 
B, 120 to 130 _— | 124 131 12 50 — 
B; 140 to 150 104 | = 129 155 8 55 | 7,8 
B, | 160 to 170 100 | 133 170 7 49 9,0 





in addition the notched bar toughness of the test 
samples. 

In the following, the nominal torsional stresses tw 
refer to the undrilled sample, whilst tnw is associated 
with the effective cross-section of the drilled sample. 

Results in the torsional fatigue tests are shown in 
Fig. 6 Og denotes the tensile stress. For both 
steels, the torsional fatigue strength of the undrilled 
sample increases as the ultimate tensile strength is 
raised up to 130kg/mm2. Further increase in tensile 
strength from 130 to 170 kg/mm? causes a reduction of 
the torsional fatigue strength. 

The drilled sample on the other hand showed a 
continuous increase in fatigue strength over the whole 
range up to 170kg/mm?2. It is remarkable, that for the 
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highest tensile strength, the fatigue strength of the 
drilled and undrilled samples is the same, i.e., the notch 
effect of the cross bore is not greater than that due to 
surface defects in the undrilled sample. 
examination of the fractures on undrilled test- 
pieces of steels A and B (Figs. 7 and 8) reveals that with 
increasing ultimate tensile stress the tw- values of Fig. 
6 correspond less and less to the ideal fatigue strength. 
Fig. 9 shows the fracture of a cross-bored sample of 
steel ‘ A” of an ultimate tensile strength of 140-150 
kg/mm?, where the rupture started from a surface defect 
due to polishing. 
Fig. 10 shows a typical torsional fatigue fracture 
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WELDED TANKS a 


and For Optimum Hardness and 


VESSELS Strength 
in all Weldable Metals 


Nitrided 
NITRALLOY 
STEEL 





Particulars from: 
NITRALLOY LIMITED 
| 25, TAPTONVILLE ROAD, SHEFFIELD 10 
IVANHOE WORKS, | auras neorcioy shethene 
a ROTHERHAM. | 















rest Jurnaces 
THE JOS] ADVANCED PRACTICE 


Priest Furnaces will always be found to 
be of advanced design, whatever their 
purpose and for whatever kind of 
fuel. They permit of the most precise 
technique in heat-treatment and other 
processes, with efficiency, economy 
of fuel and a minimum cost for repairs. 
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PRIEST FURNACES LIMITED LONGLANDS - MIDDLESBROUGH 
ALSO AT TELEGRAPH BUILDINGS HIGH STREET . SHEFFIELD 


@ rain 
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Shush—Secret Session for Advanced Thinkers 


| 
Post-war planners have been told —sometimes rudely —that we've got to win the 
war first. We agree—absolutely. But we can’t help feeling that if we'd looked | 


ahead before the eediene might not have been one. And if we don’t look ahead 





a bit now there won’t be any peace—only pieces. Take Plastics, for instance; 
they’re going to play as big a part in winning the peace as they are in winning the 
war, so we’re going to publish a series of advertisements to show what Plastics can 


and cannot do—just for the few who prefer to do their thinking in advance 





BRITISH INDUSTRIAL PLASTICS LIMITED - ONE ARGYLL STREET - LONDON WI | 
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Tw oO pacts instead 
of Thicty-pive 


M ETALASTIK RUBBER-TO-METAL WELD 
technique made possible the development of this 
patented Torsional Vibration Damper for crank- 
shafts, which requires only two metal parts instead 
of the usual 35 or more. 





rs 


METALASTIK TORSIONAL VIBRATION 
DAMPERS are more efficient than any other damper; 
there is nothing to wear out, thus the tuning is 
constant, they are noiseless and trouble-free in 
operation and do not stick, slip or rattle. These 
dampers are used in very great numbers on auto- 
mobile and stationary engines all over the world. 
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METALASTIK manufacture various types of 
Dampers based on the same principle. 
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N e W. S. C. S. T e 
“TOLEDO” NON SHRINK STEEL “TOLEDO” PUNCH & DIE STEEL 
For Teally heavy-duty stamping and 


Carries a lasting cutting edge for pre- piercing operations, where it is required 
cision cutting tools such as screwing to produce a large number of pieces 
dies and taps, hobs, reamers, etc. Also without regrinding. Tools made from 


“ ” + 
stable for mous for pats, euges, UC.S71 el yl gut sever] os 
etc. Free from distortion in hardening. heat-treatment. 



















N. H. O. 


“TOLEDO” HOT DIE STEEL 


Designed to retain its hardness at high 
working temperatures. Specially suit- 
able for extruding dies, for dies for die- 
casting non-ferrous metals, and for 
such work as hot-heading dies. 















ANDREWS TOLEDO LIMITED 
Sheffield 





4.T. 2 
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re: 


REG? TRADE MARK 





COMPOUNDS 


KASENIT Ltd., were pioneers in scientific hardening. 
Over a period of many years they have obtained a 
valuable experience which is at their customer’s dis- 
posal. Kasenit compounds are made to formule which 
have been devised after long experience and exhaustive 





compounds and successful case-hardening depends 
largely on the correct choice of compound for the 
particular work in hand. 


We invite your inquiries as to the best materials 
for any particular job. 


Also Manufacturers of 
Natural Draught Gas-fired Salt Bath Furnace for the 


treatment of Light Alloys. U 7 
Double-Chambered Kasenit Gas-fired High Speed Tool os 
Furnace, suitable for temperatures up to 1,400 deg. C. | : 


New type Kasenit Natural Draught Gas-fired Furnace 
suitable for temperature up to 1,000 deg. C. JE |-4-- —— 


Completely enclosed Kasenit Cyanide Furnace. a | A 


KASENIT LTD 


7 HOLYROOD ST., BERMONDSEY ST., LONDON, S.E. I 


Telegrams : MONOXIDE, BOROH, LONDON 
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Telephone : HOP 0430 








research. Our manufactures include all grades of 
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Many thousands of miles of Edison Swan Cables 
have been supplied to the British Admiralty, 
War Office, Air Ministry, Municipalities, Supply 
Authorities, Railway Companies, Collieries, and 


for all classes of industrial plant, ete. 


At EDISON SWAN CABLES LTD 
155 Charing Cross Road, London, W.C.2 
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EDISON 
SWAN 


CABLES 
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requests all Managements— 





in the National interest— to 


Save Fuel 


Coal, Coke, Gas & Fuel Oil 
are precious — 


INS ULATE 


HEAT-GENERATING PLANTS IN EVERY INDUSTRY 















General Refractories Ltd 


Head Office: Genefax House, Sheffield, 10. Telephone: 31113 (6 lines) 


FIREBRICKS « BASIC BRICKS ACID-RESISTING MATERIALS PLASTICS 
INSULATION a Oe - OL SILLIMANITE SANDS CEMENTS 











G.P,165 
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KENDALES GENT 


MILLING 
MACHINES 











VERTICAL ANC 
HORIZONTAL HEADS 







TWO VERTICAL AND 
TWO HORIZONTAL 
SWIVELLING HEADS 
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- -- the chap who 
designed this machine 
knew a thing or two- 

— Everything is 
where you want it 
for a change, but 
by Jove,— it keeps 
you moving «--- 


THE MIDSAW TOOLROOM 
BANDSAW MACHINE / 


The Midsaw claims its place in every modern tool- 
room by sheer speed and efficiency in its own class 
of work. That work is the sawing and filing of shapes, 
whether regular or irregular, external or internal. 
Much of this is still being done by machines ill-spared 
from other jobs. Release them by installing the Midsaw. 


Our Booklet will be sent on request. 



















PI ee eee eee EER 


' THE MIDLAND SAW € TOOL CO. LTD, 


=. MIDSAW WORKS - POPE ST - BIRMINGHAM II 
on the special brazing 


attachment for use in Telegraphic Address: ‘*Midsaw, Birmingham."* "Phone: Colmore 4245-6 
sawing internal shapes. London (and Export) Office: 24 Upper Park Road, Kingston-on-Thames 


RRS = See SRE Rc 
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We still have 
a few Tungum 
Alloy key-rings 
available for 
those who ask 
for them. 
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may be 


the KEY! 


*“Tungum ” Brand Alloy is solving problems in all sections of industry 
because of the special characteristics inherent in the metal, and the ease 
with which it can be machined. Wherever the strength-to-weight factor 
has to be considered; where ductility and resistance to torsional fatigue 
are important; where resistance to corrosion is essential, “‘ Tungum” 
is worthy of consideration, it may be the key to your problem. Our 
Technical Department is at your service and will gladly give information 
and advice on any problem submitted. 


Trade Mark 





Tungum Alloy is described in Technical 
Data Sheets under headings—Tubing ; Rod 
and Bar; Sheet and Strip; Wire; Cables; 
Gauzes and Springs; Castings; Pressings. 
They are available free on request. 


TUNGUM SALES CO. LTD. 


Brandon House, Painswick Road, Cheltenham, Glos. 
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Sampans inthe river eet Shanghat showing a t Jarnous street The Bund” China 


China—Our Ally... 


Peace-loving China, Britain’s friend over many years and to-day her 
ally, has won the admiration of the whole Empire in her long struggle 
against Japanese aggression. 















. aa See Ma # Ens } oe eS pee 
a € Berhank l9F#L 





So immense that even her provinces have the area and population of 
a European country, primitive her villages and river habitations, yet 
modern her ports and cities, China for centuries has elected and 


fought to live her life in her own way. 
8 Y RUSTON PRODUCTS 
Ruston and Hornsby Ltd., hope that many of which have proved their 
the association in times of stress between DEPENDABILITY in China 


Britain and China will in the times of —— parts of the world 


peace, be the forerunner of greater OIL ENGINES— 


happiness and prosperity for the indus- stationary, portable and marine 
pat ina eile OIL ENGINED LOCOMOTIVES 
' CENTRIFUGAL PUMPS 
BOILERS 


RUSTON & HORNSBY LTD. LINCOLN, ENGLAND 
Makers of Dependable Oil Engines since 1892 
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HEENAN & FROUDE LIMITED 
ENGINEERS WORCESTER ENGLAND 
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You can be certain of the best Wire or Cable, Strip 
or Strand, Rod, Bar or Flexible from these associaied 
companies whose copper products have been renowned 
since 1859. 





INSULATED CONDUCTORS 
For coils and armatures of electrical apparatus of all types. 
COTTON, SILK, ENAMEL, PAPER, 
ASBESTOS AND GLASS INSULATIONS. 
Dynamo Flexibles, Telephone Cords, etc. 





THE LONDON ELECTRIC WIRE COMPANY AND SMITHS. LIMITED. CHURCH ROAD, LEYTON LONDON, E.10 


BARE COPPER CONDUCTORS 


| 

| also CADMIUM-COPPER and BRONZE 
Wires, Strips, Strands, Rods, Bars, Sections, etc. 

| OVERHEAD POWER LINES, TROLLEY WIRES, 

| TELEGRAPH WIRES, FUSE WIRES, EARTH RODS, etc. 


TELEPHONE 
BLACKFRIARS 
870! (Bire 

















FREDERICK SMITH Be, COMPANY TELEGRAMS 


“ANACONDA 
ANACONDA, WORKS, SAL ‘FORD. 5, LANCS. MANCHESTER 





CABLES AND FLEXIBLES 


Rubber, Paper and Cambric Insulated 
_for Factory Wiring, Mines, Quarries, Ships, Motor Cars, 
Domestic purposes, Hospitals, Cinemas, etc. 
CABLE ACCESSORIES. 





THE LIVERPOOL ELECTRIC CABLE COMPANY LIMITED Linacre Lane. Bootle. LIVERPOOL . 
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i. High Speed Precision Automatic 


This is our junior machine, but it is one that gets 
through a vast amount of work every day. In peace 
time this machine covered a large variety of work, 
sich as pinions for clocks and meters, screws and all 
parts for the wireless and electrical trades. Nowadays j 

it has been adapted for more specialised work, on pon and pe dre padi 4 Ft ysis 
which it has proved highly successful. Its simplicity, speed covering all materials. 


fase of camming, setting up and the a of tools Delivery is subject to Purchase and Priority Certificates 
wed are some of the features of this machine. issued by the M.T.C. 





PRODUCTION TIMES FOR 10 HOUR DAY 





—_—————————_ 

4,500 (Phosphor Bronze) 300 (High Tensile Steel) 
a tommy —— 

800 (Stainless Steel) 5,200 (Brass) 800 (Mild Steel) 
e a <G =< 


7,500 (Brass) 10,500 (Brass) 360 (Silver Steel) 8,000 (Brass) 


=UUickman 


e COVENTRY ¢ ENGLAND e 
LONDON - BRISTOL - BIRMINGHAM - MANCHESTER - LEEDS - GLASGOW - NEWCASTLE 
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Have you 
a ferrous casting problem ? 








Consult 
STANLEY B. PERRY 
ALEXANDRA HOUSE, 3!, KINGSWAY, LONDON, W.C.2. 


Technical Representative of: 


THE NATIONAL STEEL FOUNDRY (1914) LTD. 
LEVEN, FIFE. 


Manufacturers of 


STEEL CASTINGS 


of every description from a few pounds to a ton, 
either black or machined and assembled. 


PRECISION MACHINING + AXLE CASES - AXLE BOXES 
BENDS - BRAKE DRUMS - BRACKETS - HEADERS - HUBS 
CROSS MEMBERS * WHEELS * VALVE CASTINGS 


HANCOCK 


FLAME (CUTTING 














If your problem is 
cutting steel consult us. 


4, 
~~ 


SPECIALISTS 
For 23 Years. 


o, 
Od 





ac RO 


Illustration shows a Longitudinal Profiling Machine (L.P.), cutting area 50 ft. x 5ft. 3 ins. 
Standard sizes in multiples of 10 ft. length by 3 ft.; 5ft. 3 ins.; 6 ft. or 7 ft. wide. 





WE MAKE MORE THAN 30 DIFFERENT TYPES AND SIZES. 





HANCOCK & CO. (Engineers) LTD., PROGRESS WAY, CROYDON 
Telephone : CROYDON 1908 (3 lines). Telegrams : ‘‘Hanco”’ Phone, Croydon. Code: ABC 6th Edition. 
—— SE ———— — ae 
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ELECTRON-TUBE 
CONTROL 


FOR RESISTANCE WELDERS 





Aecurate control of 
welding time 
Smooth adjustment of 
welding heat 


(by phase-shift control of Ignitrons) 





IGNITRON PANEL for SPOT WELDING 
Type FW224L 


TIMING RANGE 
Welding Time: 1 cycle to 25 cycles, 
in increments of one cycle. 
Timing accomplished by 
synchronous Thyratron control throughout. 





IGNITRON PANEL for SEAM WELDING 


_ 7 Type FwW249 
Panels incorporating ‘Programme’ of TIMING RANGE 
‘Woodpecker’ control can be supplied Welding Time: } cycle to 40 cycles. “Ott” Time: # cycle 


to 40 cycles; both in increments of half a cycle. 
Timing accomplished by synchronous chain commatator, 
and Thyratron control. 


‘ PROGRAMME’ CONTROL 
for spot welding aluminium alloys 
*‘*WOODPECKER’ CONTROL 

for interrupted spot or pulsation welding RATINGS (Types FW224L & FW24Q) 
for heavy or dissimilar sections KVA. at 440v. | 1200 | 880 | 484 | 275 | 185 
DUTY CYCLE | 5% | 10% 75% 








9 oy 
a ~a 





























THE BRITISH THOMSON-HOUSTON CO.,LTD. 


CROWN HOUSE, ALDWYCH, LONDON, W.c.2 





THE ENGINEERS’ DIGEST. 


BENDIX 
TRACTA JOINTS 


(CONSTANT VELOCITY ) 
FOR ALL ANGULAR POWER TRANSMISSIONS 














initial 
with : 
INVALUABLE FOR one 
USE IN pe 
SPECIAL FEATURES Manual operating gear TH 
Absolute Constant Angular for bulkhead doors, fuel 
Velocity « High Angularity valves, seacocks, boat- 
¢ Heavy Load Capacity e Ease launching gear, fire- Arc- 
ot Ranglin: ~~ Cedaniinatn extinguishing apparatus, steels 
Faulty Alignment Friction etc. Engine room and pm 
- Minimised Negligible Wear control telegraphs. = 
\ Tachometers. Remote certa 
: controls of all types. = 





Gun-turrets. Searchlight 
. controls. Torpedo-tube 
‘a / operation, etc., etc. 





Drives for all Auxiliary 
Services. 














4 . 
Send for 
Booklet No. 3¢ 


TYSELEY, BIRMINGHAM 
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Fig. 7 





Fig. 8 
initiated by the cross-bore. 
with an ultimate tensile stress of 160-170kg/mm‘*. 
9 and 10 should serve to illustrate two cases of the many 
tested which lead to the conclusion that with high- 
tensile steels the notch effect of surface defects is of 
equal order to that due to the cross-bore. 


The material is steel ‘ B’ 
Fig. 
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Fig. 9 Fig. 10 
From the above the conclusion can be drawn that 
ultra high tensile steels can be of advantage for crank- 
shafts, provided that a very high degree of surface 
finish of the shaft can be assured. 


THE MOST EFFICIENT LAY-OUT OF ELECTRIC ARC FURNACE 


STEELWORKS. | 
By HEINRICH MUELLER. (From Stahl und Eisen, Vol. 61, No. 29, July, 1941, pp. 685-694). 


ARC-FURNACES have been employed mostly in existing 
steelworks equipped with open-hearth Siemens- Martin 
furnaces, or in extensions of such plants. Even new 
electric-arc steelworks are planned on the same lines as 
open-hearth plants, i.e., with 2 bays, each equipped 
with travelling cranes. This arrangement leads to 
certain difficulties, which so far have been overcome 
only partially or at the cost of complications and addi- 
tional expenses for auxiliary installations. 

Arc-furnaces are frequently placed in the so-called 


Fig. 2 
Chute-charged fur- 
nace placed in the 
foundry bay. 


Fig. 1 
Older type arc fur- 
nace with long 
spout; placed in 
the furnace bay. 


yd 


Fig. 3 
Furnace 

perpendicular to 
the crane runways. 


ep-t% 


furnace bay, the individual furnaces being perpendicular 
to the crane runways. With this arrangement they must 
have long spouts to bring the liquid steel underneath the 
central crane runways in the foundry bay ; long spouts 
on the other hand constitute a definite disadvantage from 
the metallurgical point of view. For top-charged 
furnaces, the electrode supports and the furnace super- 
structure must not interfere with the cables of the 
foundry crane when tilting* the furnace, and this condi- 
tion, too, demands the use of long spouts. 


(To be continued). 
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DISTILLED 
WATER 


... has hitherto only been obtainable by " Dis- 
tillation.” It is possible to-day by The Permutit 
Company's new and exclusive “ Deminrolit ” 
process to obtain large quantities of its equiva- 
lent cheaply and simply. This ‘—ediiieans 
process has already found its place in World 
Industry and plants are in operation for varied 
uses including Boiler Feed. It is fully described 


in our Booklet :— 


DISTILLED WATER WITHOUT DISTILLATION 


Write for a copy to—The PERMUTIT Company 


Limited, Dept. T.B., Permutit House, London, W.4. 
Telephone: CHIswick 6431 Cables: Permutit, London 
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Announcements in this section include News relating to 
British Firms, and on Equipment produced by British 


TECHNICAL NEWS | 


Manufacturers. 


Available literature may be secured by addressing a 
request to the advertising department of “‘ The Engineers’ | * PERSONAL 
Digest,” or by writing direct to the manufacturer and | 


mentioning “ The Engineers’ Digest” as a source. 
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+ NEW EQUIPMENT 
+ BOOKS AND CATALOGUES 
+ BUSINESS CHANGES 


+ NOTES 











NEW EQUIPMENT 


SHORTER G.6 BLADE HARDENING MACHINE. 
THE illustration shows the Shorter G.6 blade hardening 
machine which can be used for longitudinal surfaces, 
such as machine tool beds, straight edges, blades and 
multi parts fitted into jigs and general straight line work. 
It is built on the lines of a machine tool similar to the 
standard Shorter G.2 gear hardening machine but has 
a longitudinal track of any required length. 

It is driven with a Ward Leonard Set, with bus- 
bars at the back of the machine and contactors fitted to 
the machine head. The control panel includes a speed 
indicator. Automatic equipment for intermittent 
hardening can also be provided ; repetition parts can be 
laid in the long tank upon jigs so that the work can be 
progressing as the operator is removing other parts 
already treated by the machine. Miulti burners with 
multi jets on burner carriers are employed to cover any 
required width of face or number of faces to be treated 
simultaneously. 

The Ward Leonard Set consists of a main driving 
motor connected to the public electricity supply. This 
motor drives a generator and also a small field exciter. 
All three machines are coupled together by means of 
flexible couplings and are mounted on a common base 
plate. This Ward Leonard Set Generator supplies 
current to the geared variable speed drive motor on the 
machine head. The method of obtaining the variable 
speed of this geared motor is as follows :— 





The exciter supplies current at a constant voltage to 
the field of the geared variable speed motor. Current 
for the generator field is also supplied by the exciter but 
in this case the current flowing through the generator field 
can be varied by means of the potentiometer provided 
on the machine head control-panel. Thus the strength 
of the generator field can be varied at will between very 
wide limits. This means that the output voltage of the 
generator can also be varied over a wide range. Since 
all other conditions remain unaltered the speed of the 
geared drive motor is solely dependent upon the voltage 
of the current applied to its armature. The speed of 
the machine head is shown by a voltmeter calibrated in 
inches per minute, which is connected in parallel across 
the generator armature. It will be seen that the speed 
of the variable speed geared motor is entirely indepen- 
dent of the load, any increase in load merely causing the 
motor to take more current from the generator. 

Therefore, once the speed of the machine head has 
been adjusted to suit the job, no variation of the speed 


HEAT | 
TREATMENT 
SPECIALISTS 


ON APPROVED LIST @ Case Hardening and straightening 
OF up to 8 ft. long. 
@ Hardening all Classes of High 
AIR MINISTRY Speed Steel Tools, Bakelite 
AND ADMIRALTY 








Moulds and Press Tools. 

@ Cyanide Hardening, Capacity 3 
tons per week. 

@ Springs: Any size, shape or 
quantity. 

@ Aluminium Alloys Heat Treated 
to A.I.D. Specifications. 

@ Heat Treatment of Alloy Steels 
up to 10 ft. long. 

@ Heat Treatment of Meehanite 
Castings, etc. 

@ Crack detecting on production 
lines. 


THE 
EXPERT TOOL & CASE HARDENING CO. LTD. 


(Est. 1918) 





Phone LIBERTY 2273-4 


MORDEN FACTORY ESTATE : LONDON : S.W.19 


And GARTH ROAD, LOWER MORDEN, SURREY. 
Telephone: Derwent 3122 
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can take place ; this ensures that the correct depth of 
hardness is maintained throughout the whole length of 
the traverse. 

The speed of the machine head between the limits of 
1.4 to 14 inches per minute, can be obtained by this 
arrangement. The Ward Leonard Set is placed in a 
convenient position on the floor and a pilot switch con- 
trolling the contactor type starter is fitted in the control- 
panel to enable the Ward Leonard Set to be shut down 
conveniently when not required. 

The control-panel is also provided with a reversing 
switch to enable the machine head to be traversed in 
either direction. 


BAND SAW GUIDE. 


THE Freeman Supply Co., 1152,-East Broadway, 
Toledo, O., has announced an improved type ball 
bearing band saw guide applicable to saws cutting 





practically any material. In the foundry it is claimed 
the guide permits close operation of the saw and 
consequent reduction in grinding time on the castings. 
The fire hazard is reduced while sawing gates from 
magnesium castings even when the saw is running at 
high speed. Time is saved in the pattern shop where 
the guide support enables the operator to work rapidly 
and accurately. Blade breaking is claimed to be elimi- 
nated through use of the guide. 





EDITOR WANTED. 


Only “all-round ” Engineers should apply. Journalis- 
tic experience in the Machinery, Tools, Engineering, 
and Electrical Trade essential. Send curriculum vitae 
and fullest particulars, stating qualifications and salary 
required, etc., to Box No. 22, THE ENGINEERS’ DIGEST, 
120, Wigmore St., London, W.1. 
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ELECTRIC 
PULLEY 
BLOCK 
HOISTS 


MATTERSON Matterson Hoists are compact 

LTD and efficient, require but little 

r attention to keep them in good 

condition, and are made through- 

SHAWCLOUGH out by men taking a pride in their 

ROCHDALE pe ct ——. a a 
Tel. 4194 the War effort 
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SIZES : 









12 B.H.P. to 120 B.H.P. 
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Users of Crossley engines know that they can place every confidence in 


their performance. More than ever to-day in many spheres of activity 
they are employing the Crossley Vertical High Speed Diesel. The 
engines incorporate the rugged properties of a heavy-duty engine, are 
light in weight, and yet of rigid construction. Cold starting is certain 
and immediate. Prospective users will find valuable information in our 
publication No. 1771/839. A copy will be sent on request. 


FULL RANGE§3 to 3,000§.B.H.?. 


A typical 55 k.w. 
Crossley Gener- 
ating Set, arran- 
ged to start up 
a u tomatically 
on failure of 
main supply of 
electricity, for 
either marine 
or land pur- 
poses. c. 206 













CROSSLEY BROTHERS LTD MANCHES/ER I. 


SL ee ek W.Cc.2 
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«Mouse Bar” is what assembly workers call this 
hote-controlled rivet bucker used in connection with 
agnetic riveting gun to set rivets in places inaccessible 
bucking and riveting under old methods. The buck- 
bar, which is drawn through narrow channels by a 
oe small rod, as shown, is magnetized and thus 
wn up firmly against the rivet at the moment the 
eter presses the trigger of the special riveting gun. 
js ingenious development won a $2,500 Revere 
d for William Holcomb, assistant superintendent 
ew developments, as it was named one of the most 
eworthy devices to speed production in the aircraft 
ustry. It is no longer necessary for the ‘‘ bucker ” 
insert his arms or hand in openings behind the rivet 
hold a bar in place manually. Lockheed Aircraft 
oration (American Machinist). 











. EDITORIAL INDEX 

The Editorial Index to Vol. III., January- 

rember, 1942, will be sent to all subscribers free of 

ge, together with the January, 1943, issue. Binding 

ks for the binding of Vol. III. are now available. 

« price is 4/6 including postage. 

PERSONAL 

o Mr. C. E. Fairburn has been appointed Chief Mr. J. Ramsay Gebbie, B.Sc., has been elected 
d Mechanical Engineer to the L.M.S. in the absence of President of the North-East Coast Institution of En- 
a Mr. W. A. Stanier who has been seconded to the gineers and Shipbuilders. 
ir Ministry of Production on special duties. Mr. Fair- ese ‘ 
“4 burn’s headquarters will be at Nelson St., Derby. Mr. Cecil Kimber, M.I.A.E., has been appointed 


Works Director to Specialloid Ltd. 

Mr. Cecil Bentham, M.Inst.C.E., M.I.Mech.E., 

has been elected President of the British Engineers’ 
Association for the ensuing year. 


_ Mr. R. L. Brown has been appointed Chairman of 
Directors of Hopkinsons Ltd., Huddersfield. 








™ SHORTER 


PRECISION 
FLAME 


HARDENING 
PROCESS 





tically 
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ply of 
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C. 206 


Apply SHORTER PROCESS CO. LTD. 


SAVILE STREET EAST - - SHEFFIELD, 4 
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This is an instance of the value of radiographic examination. The blow-hole in 
the aluminium casting is revealed in the radiograph, yet the casting remains 
undamaged and fit for use if the flaw is judged not to be serious. In this case, however, 
the evidence of the radiograph has been confirmed by sectioning the casting to expose 
the flaw—which is clearly seen in the photograph of the sectioned casting. Thus 
in the routine testing of castings radiography ensures flaw detection, but leaves the 
casting intact. ‘IndustreX’ D, ‘IndustreX’ S and ‘CrystalleX’ are X-ray films 
specially produced for such industrial radiographic purposes as the examination of 
castings, welds, and other engineering produce. 


KODAK Ltd., KINGSWAY, LONDON, W.C.! 


























e in 
ains 
ver, 


pose 
“hus 
the 
ilms 
n of 





THE ENGINEERS’ DIGEST XXi 


iIPRODUCTION THREADING MACHINES 


This range of machines has the 
_ following features : 





(1) Patent covered Slideways of 
simple design. 






aa (2) Totally enclosed gear box fitted 
with Ball and Roller Bearings. 


(3) Our well known self-centring 
adjustable vice. 


(4) Tangential self-opening Die Head. 
(5) Built-in Motor and V-Rope Drive. 


(6) Built-in Coolant Pump and large 
chip capacity. 


Built in 4 sizes: DAVID ETCHELLS & SON LTD. 


No. | 2” diameter, 4 speeds. BULL PIECE WORKS 


No.2 I” diameter, 4 speeds. 


No.3 13” diameter, 4 and 6 speeds. al DARLASTON - STAFFS es 


No. 4 2” diameter, 6 speeds. 



























J. J. HABERSHON & SONS, LTD., 
HOLMES MILLS, ROTHERHAM 


TELEPHONE No.: 1069. TELEGRAMS: HABERSHON, SONS, ROTHERHAM. 

















TATE 


MOBILE ELECTRIC CRANES 


Cable-fed Petrol-electric Diesel-electric 
Economical in use. 

Exceptional Mobility Maximum Efficiency 

For use in Sheds, Warehouses, Goods Yards, 

and on Docks, Quays, etc. 





Machine illustrated is 5-ton size Type, R.L.H.E. 
Petrol-electric Crane, equipped with driver’s cab. 


Built to any requirements. 
Sizes 7} cwts. to 5 tons. 


JAMES TATE & COMPANY 
Victory Works :: BRADFORD 
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NOTHING TO 
GO WRONG 


WITH A P.D.R. PUMP 








fs RNR OS 


The extreme simplicity of the P.D.R. principle 
has brought a new standard of reliability into 


pumping practice. The action is positive ; 
sliding friction has been replaced by rolling ; 
wear is negligible. The P.D.R. Pump can 


handle heavy or light liquids, and the action 
is positive and continuous. 





This is a typical P.D.R. Pump. Rollers are 

arranged to move back and forth between the 

rotor and the casing, setting up positive dis- 

placement of the liquid, without slip and with 
high volumetric efficiency. 


PDR Pumps 


SSS POSITIVE DISPLACEMENT ROLLER 


THE DRUM ENGINEERING CO. LTD. 
HUMBOLDT STREET, BRADFORD 
London Office : 

38 VICTORIA STREET, WESTMINSTER, S.W. |! 
Telephone: Abbey 3961 
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This Donovan Type 
709 AC Starter pro- 
duced in its original 
form over twelve years 
ago is still the preferred 
type in hundreds of 
leading factories 
because of its simple 
and robust construc- 
tion, as also its com- 
plete reliability. 


We can give prompt 


deliveries. Full details 
upon request. 


Gaaus - — , 











Unit Type 


INDUSTRIAL 
SWITCHGEAR 














MANUFACTURED UP TO 
600 VOLTS. 
BREAKER CAPACITY UP TO 
1250 AMPS. 


WIDE RANGE OF 
BREAKERS EX-STOCK 


SPECIALISATION IN THE 

MANUFACTURE OF SWITCHGEAR 
FOR ELECTRICAL UNDERTAKINGS 
IS A SPHERE FILLED TO THE 
UTMOST SATISFACTION BY 


"AIREDALE 


ELECTRICAL & MANUFACTURING CO.LTD 
MACTA WORKS - LOW MOOR: BRADFORD 
PHONE 703 LOW MOOR-GRAMS ‘SWITCH’ LOW MOOR 
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WE serve all ae 





HEMP CORDAGE 
BRITISH ROPES Limited _ 


HEAD OFFICE: DONCASTER. Sales Offices and Works throughout Great Britain. 


\ ROTAMETERS 


PRECISION FLOWMETERS 


Rotameters are precision instruments giving con- 
tinuous and direct readings of the rate of flow of 
any gas or liquid through a pipe. Accuracy of flow 
readings is vitally important in many processes for 
manufacturing Explosives, Acids, Oils, Compressed 
Gases ; also for gas welding, flow and leakage testing 
of fittings, performance testing of engines and 
compressors. Rotameters cannot wear out or 
deteriorate. Complete absence of friction ensures 
lasting accuracy. British made throughout. Details Ei 
are contained in our Folder R.M. 120/1. £.D., which i 
may be had on request. 


ROTAMETER MANUFACTURING CO. LTD. = 
VALE WORKS, VALE ROAD, PORTSLADE. 


Telephone: Portslade 8401. 










































Telegrams : Rotaflo, Portslade. 
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THE S 
COMPOSITIONS 


MPOGIVEX rover 


On the Admiralty, War Office, E F & i Cl & N CY 
— and Air Ministry Lists. — 


IMPERVIOUS to the action of | SUPPLIED IN Sheets, Gaskets, 
Aviation Fuel, Hot Engine Oil, | Washers, Mouldings, Strip, Tub- 
Di-Ethyl-Glycol, Acids, Alkalis, ing, Hose, etc., to any Specifica- 
Salt-water, Steam and all Weather = tion and in any degree of re- 
Conditions. siliency. 


IMPERVIA Ltd 3 GROSVENOR GARDENS, LONDON, S.W.|! 
\CAL, MECHANICAL & AIRCRAFT 
_ NNER. 















‘Phone & Grams: Victoria 6501 


LypPLIED 10 LEADIN 
eve 

















Enquiries invited for single, double, and 
triple drum contractors’ winches,  trans- 
porter crane winches. drum_ controlled 
winches, capstan winches, traction sheave 
winches, haulage winches, drag scraper 
winches, skip hoist winches, Petrol, electric 


or diesel prime vers. Mobile, i- WwW 

mobile ‘ad’ Galeane outs. oe DOUBLE DRUM INCH 
Over 170 different standardised 

A.C.E. MACHINERY Le na ee i omanard 


Harlequin Avenue, Great West Road, Brentford, Middlesex. oo 
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‘SMALL TOOLS |7; 





COVENTRY VICTOR || | 


VIBRATIONLESS ENGINES | 





PORTABLE GENERATING | CUTTERS 
& PUMPING SETS | 
AIR-COOLED WATER-COOLED | FR E A M E RS 
{ oor | | END MILLS 
TAPS 
a TIPPED TOOLS 
any GAUGES 
i HES. &c. 
A tenae of enoatnh dae eartom 
COVENTRY VICTOR HORIZONTALLY 
ee CROLT ENGINEERING Ltd. 





The COVENTRY VICTOR 
MOTOR COMPANY LIMITED BENTINCK STREET 
COX STREET, COVENTRY BOLTON 


Phone: 5054-5 i Grams: PRECISION | 





























WE SPECIMIZE TN 


STRESSED METAL COMPONENTS 


COWLINGS , SKINS, AND 
FABRICATED ASSEMBLIES 
FOR AIRCRAFT 


( Al) FULLY APPROVED 


WHEEL 
FAIRINGS 


ee” FCORLETTECO 





x 


WPARKSIODE MILL, ROYTONW. Wr. OLDWAM\* TEL. MAIN. 2 23m 
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ELECTRIC li te Nl 


| iH ’ Speetog “Clamps are 
TOOL Ti PPER ata i deans nb adept 
| | ! ‘ muse m_ hundreds of 
| T Oo GG L E ! factones. As a standard 
C L A M P iS) : stock clamp m your Tool 
mi ‘ 


Stores they obviate the 
British Made H necessity for making costly 
jis holding-down devices for 


individual jobs. 


TWO SIZES 


PROMPT 
DELIVERY 


This New Manual gives full details of Speetog 
Clamps and includes dimensioned blueprints 
which will be found of great service to Tool rooms 
and Drawing offices. 


FREE ON REQUEST 


10-16 RATHBONE ST., OXFORD ST., LONDON,W.1. 
——— ene Ns 





| You can tip with HIGH SPEED STEEL and, without 

removing the tool from the machine, raise to harden- 
ing temperature in one continuous operation—no re- 
heating prior to quenching being necessary. This 


applies to lathe tools of practically every type, DOUBLE HELICAL 
tipped either with 18 per cent. Tungsten or the new 


* Substitute” Steel. TRANSFER PUMP 


Manufactured by 60°6000 g-p.m. 


G |) a R 4. E Cc a il EN Let VARLEY Solve Pumping Protlems 


SONS & CO., LTD. 


STANNINGLEY, Nr. LEEDS Varley Pumps & Engineering Ltd., Weston-s-Mare, Somerset 
Telephone: PUDSEY 2241 
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SELF ADHESIVE TAPE FIXES IDENTIFICATION 








Urgent war orders can be rushed to completion quickly and accurately by inexperienced operators 
with the aid of INDUSTRIA self-adhesive tape which fixes identification, instruction and rejection 
stickers to any smooth surface. 


INDUSTRIA cellulose tapes are stuck directly on the article at the required point to eliminate any 
possible error in instruction. 


They adhere permanently to any smooth surface in a split second without moistening, yet they can 
easily be peeled off leaving no mark. They will not pull off like string tags, or fall off like old-fashioned 
gummed stickers, nor rub off like chalk marks. Apart from this there are many more applications 
for self-adhesive tapes which are to-day used in hundreds of war factories. 


Full particulars from INDUSTRIAL TAPES LTD., 52, Margaret St., London, W.1. 

















————$————O Se 
RUDGE LITTLEY LTD); 


Mukots of corstitunlty yood 

































































CASTINGS 












































Our modern equipment and up-to-date organisation enable us to produce the 
highest quality castings, that are re- liable, accurate, have easy machining § jopin 
properties and can stand up to long service. We supply small light section castings and the heaviest 
machine tool and other castings up to 10 tons. In addition to grey iron, nickel chromium iron and 
malleable iron, we can also give quick deliveries of castings on non-ferrous alloys, including aluminium bronze. AL 


RUDGE LITTLEY LTD. SWAN VILLAGE, WEST BROMWICH, 7e/: 0784-5 Grams ANNEAL 
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Established 1877 Gill 


T. CALDWELL & SON 
SHEET METAL WORK 


VICTORIA MILLS ST. JOHN STREET 
BOLTON 


Phone: BOLTON 2689 


2, 
——_¢ 
ee 


Specialists in : 
STEEL LORRY BODIES. 
WELDED STEEL TANKS. 
LIGHT CONSTRUCTIONAL 
STEEL WORK. 


a on 


PLANT AVAILABLE— 
8’ x }” PLATE GUILLOTINES. 
10’ x 335” BREAK BENDING MACHINES. 
ELECTRIC WELDING PLANT UP TO 600 AMPS. 
BENDING ROLLS, ETC. 

Also— 

GHT SHEET METAL WORK FOR MECHANICAL, 
ELECTRICAL AND CHEMICAL ENGINEERS. 


DIGEST 


Arkon Flow 
Indicator in cooling 
water circuit of 
Diesel engine. 





IS THE BEARING GETTING THE OIL? 
IS THE COOLING WATER CIRCULATING? 
You can tell at a glance by using 


The oil or water spins a chromium-plated ring under 
a glass dome. If the flow stops, the ring stops. 


WALKER, CROSWELLER & CO.LTD 


CHELTENHAM GLOS 





aA 
Century of “Engineering ! ! 
APOLOGIES TO OUR CUSTOMERS 
ee ates worhing atl cul for 
bhe iininill Yen effort, and 
reyprel ote Jerrice tJ laching lo 


JO W424. 
a 


Cy 
Wer Victory tt 20022, the 


products of Oleg foundry, 
. 
machene shofe and. theel wadad’ 


hoped, wuld agacn Ce avuclalle 
lo old and new otteosdls. 


JOHN HILL & SONS (WOLVERHAMPTON) 
LIMITED, 
ALBION STREET, WOLVERHAMPTON. 








Accidents do happen 


But the risk is minimized if 


You are sure 
your lifting tackle is in perfect order. 


We manufacture all kinds of 


SLING CHAINS, PLATE CLAMPS, 
LIFTING DOGS, ETC. ALSO SPECIAL 
ASSEMBLIES TO SUIT INDIVIDUAL 

REQUIREMENTS. 





We specialize in the repair and maintenance of 
SLING CHAINS & LIFTING TACKLE 
to Factory Act requirements. 





Our EXPERIENCE OF OVER FORTY YEARS 
Is AT YOUR SERVICE. 


RICHARD GREEN, LTD., 
Cokeland Works, CRADLEY HEATH, Staffs. 


*Phone: Grams: 
CRADLEY 6261 & 6262 RICHARD GREEN, CRADLEY HEATH 
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STAFFA 


MACHINE TOOLS 
AND PRODUCTS 


, 
“e 


* HYDRAULIC TUBE & BAR 


BENDERS* 
je HEAVY DUTY 


GRINDERS 
te HAND FLY 


PRESSES 
% COMBING 


CUTTERS 


Full garticulars from 


Commercial Structures 
ENGINEERS LT. 
STAFFA ROAD :: LEYTON, E.I0 
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e 
BZ lorie 4-WAY 


6% 


BUILT FOR 
REAL HEATING 





r 


{HORIZONTAL 


ii ORIEN 


| (ae 
@l UNIT 
“(al HEATERS 
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THE STANDARD & POCHIN BROS. 
LEICESTER 





LT 








METALLIC BELLOWS 





| for ust ee ie of  —— 
PUANGHK@IRERS SOM GIANNI Das 


WINDMILL ROAD, SUNBURY-ON-THAMES, MIDDLESEX 


Jelephone | SUNBURY-ON-THAMES 459 (6 LINES ) 


JIGS, FIXTURES, PRESS TOOL & GAUGES 
MARKING OUT TABLES & SURFACE PLATES 
COMPARATORS 
PNEUMATIC TOOLS FOR 
AIRCRAFT, SHIPBUILDING & ENGINEERING 
DRAWING DIES & PUNCHES 
TUBE EXPANDERS 
COLLIERY TOOLS 
HIGH SPEED CUTTING TOOLS 
TOOL HOLDER BITS & TOOL HOLDERS 
HIGH SPEED, ALLOY DIE & ENGINEERING TOOL STEEL 
ANNEALED BARS & FORGINGS 


SMALL FORGINGS. 
SHOT BLASTING, 
1G BORING 


Also Specialists in 
HEAT TREATMENT 


a eee 
OF SMALL TOOLS <a ait 
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WORKS :— 
Abbeydale Works, Woodseats Road, SHEFFIELD, 8. 


Telephones -—51004-5 


BIRMINGHAM OFFICES — 


Service House, 1 Fleet Street, BIRMINGHAM. 
Telephones :—Central 2964 and 2325. 


On Air Ministry, War Office, Admiralty and Home Office Lists. 


Telegrams .—"' Precision, Sheffield 


Telegrams —'' Toolstepro, Birmingham.” 


PR 
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fi METAL PARTS 
CLEANING 


} metal parts cleaning job, large 
| For any ask Gawcens to help you. 

'  Dawson’s machines are installed in many 
famous British Engineering works, e.g. 
Rolls Royce, Hoffmann, Standard Aero, 
David Browns, Austin, B.T.H., C.A.V., 

} Leyland, Ford, Morris, Daimler, Arm- 
strong Vickers, Fairey Aviation. 


gal on CANTEEN 
DISHWASHING 


DAWSON’S Deluge Dishwashers are 

installed in works canteens throughout 

Britain and in famous hotels and ocean 
| liners, hospitals, institutions, etc. 











DAWSON BROS., Ltd., Ventnor Works, 

Gomersal, Leeds. Tel.: Cleckheaton 266. 

London Address: Roding Lane, Woodford 
Green, Essex. Tel.: Wanstead 0481. 


| 
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CROLT ENG. Ltd. 


BENTINCK STREET, 
BOLTON 


SPECIALISTS IN 
DESIGN AND 
MANUFACTURE 


OF 


JIGS & FIXTURES 
PRESS TOOLS & GAUGES 


FOR AIRCRAFT PRODUCTION 


Phone: BOLTON 4770-1 (2 lines) 


WO SK SK SK SK SK SK SK SK SK SK SK KI 


MARINE + STATIONARY + VEHICLE 





le 
ae Q, edel 


7000 cc. & F735 ceo., 2 cys e 


VICTOR DIESEL 


CUB 


VICTOR OIL ENGINES (COVENTRY) LTD 
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PRESS TOOLS 
JIGS & FIXTURES 
GAUGES 


B. J. & J. SILCOM 
PRECISION TOOL MAKERS 
327, BURY ROAD 
BOLTON 


Phone: - . BOLTON 3373 

















Adjustable Tables es 100% British 











THE 
MAVITTA DRAFTING MACHINES Ltd 


ANCHOR WORKS, PARK ROAD, 
ASTON. BIRMINGHAM, 6 


TELEPHONE: TELEGRAMS: 
EAST 0482 MAVITTA, BIRMINGHAM 


“MAVITTA” | 
DRAFTING MACHINES 


Various Types and Sizes 














Ss 
MILLING CUTTER 


NECHELLS PARK ROAD, 


IS THAT TOOL SAFE ? 


Your operator courts danger if you rely on 
ordinary bell or lamp tests. A single strand 
or even a butt contact may deceive you. 
In 10 seconds the Tru-earth proves the 
exact condition of an earthing cable! 
Safeguard your operators by keeping a 
Tru-earth handy for regular checking. It’s 
worth being 10 seconds on the right side 
of safety ! Write now for particulars. 


BIRMINGHAM 


Official Reports on 

Electrical Accidents 
say regarding portable 
tools : ‘‘ Means of testing, 
inspection and repair are 
essential,”’ 


BRITISH CENTRAL ELECTRICAL CO. LTD. 


6-8, Rosebery Avenue, London, E.C.|I 
(Estd. 1908 


Phone : TER 2525 (6 lines) 
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~—w- SHEAR BLADES 


CAN Be MADE To Suit THe Cutting OF Any MATERIAL 


Okan S; 


Press Joos 
PUNCHES & Dies 
Toot BiTs 

PAATING OFF BLADES 
SLITTING CUTTERS 
GROUND FLAT STOCK 


ENONE. SHEFFIELD e424 


acai aay 








WATER 
PURIFICATION 


FOR HALF A CENTURY 


JOHN THOMPSON 
(KENNICOTT WATER SOFTENERS) LTD. 
WOLVERHAMPTON 


HAVE SPECIALISED 
IN FILTRATION AND SOFTENING 
OF WATER FOR 


TOWN SUPPLIES 
RAILWAYS 
TEXTILE WORKS 
AND 
ALL INDUSTRIAL REQUIREMENTS 
BOILER WATER CONDITIONING, CONTINUOUS 
“BLOW-DOWN” APPARATUS, ETC. 








Send us your enquiries and take advantage of our 


UNRIVALLED EXPERIENCE 





In Iron,Steé/s Phosphor Bronze 


a/so COMPLETE REDUCTION 
UNITS GEARED MOTORS ETC. 


CROFTS 


(ENGINEERS) LTD BRADFORD, ENG. 


Jelephone 11980 12 lines Telegrams offers ‘Bradford 
LARGEST SOLE MAKERS OF MILLGEARING PRODUCTS 





MAKERS OF THE LARGEST 
TO THE SMALLEST 
WE HOLD A LARGE STOCK 


YES 


WARSHIP FIRE FLOAT 
LIGHTHOUSE TENDER 
MOTOR SHIP, 

&e., &c. 


OF MIRRORS 
LENSES, 
CARBONS. 


REPAIRS OF ALL KINDS 


Our SUPER SUEZ SEARCHLIGHTS 
Oo require NO TRIMMING during the 
voyage ,thus saving time and expense 
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@ Types and sizes 
for every purpose 
NEW & USED. 


Send for our 
Illustrated 


SHEET METAL 


Speed, Ease anid Accuracy are features ‘ BESCO’ Universal Nibbler Shear- 
which have made modern * BESCO’ jng Machine. Combined Nibbling 
Machines known and _ appreciated ang Shearing Machine. Cuts any 


throughout .the world. They simplif, : i , 
the at irtriéake Ps ha apo! shape in mild steel sheets up to 4 in. 


enormously accelerate the output of thick. Shears inside of sheets with- 
worki ‘BESCO’ Machines are de- out previously drilling a hole. Depth 
signed for service and satisfaction. of throat 42 in. Centring device 


available for cutting circles and arcs. 
& MACHINE TOOLS Sale and delivery period for new hand-and power machines 
(NEW & SECONDHAND) value £30 and over, and secondhand power or hand machines 
£50 or over, subject to M.T.C. Certificate. 


te. EDWARDS” 


SG. S6l EUSTON ROAD, LONDON. NW. 














(REGD 


Rubbaglex 


PATENT N° 519567 


q Rubbaglex sheeting is processed qT Specially processed to ensure a 
on 100% pure glass cloth, has minimum thickness variation of 
very high eeikdtte strength, and com- Plus/Minus .002” Processed from a 
bines flexibility and resiliency with minimum-thickness of .006” to a 
non-stretching properties. maximum thickness of .125”. 


q Highly recommended for 
Gaskets, Washers, Jointings, 


It is impervious to Aromatic 
P Diaphragms, Sleevings, etc. 


Hydro carbons, Hot Engine Oil 
(Spec. D.T.D. 109: Di-ethylene Glycol, q Used by leading electrical, mech- 
Paraffin, and various solvents. anical and aircraft engineers, etc. 


SOLE ‘PATENT LICENSEES, || , 
Mm IMPERVIA 5,7 
—— Telephone : ViCtoria 6501-2 $$$ —$————— 


3 GROSVENOR GARDENS, LONDON, S.W.| 


ad 





ROBERT STOCKWELL, Printer, 5-7 Baden Place, London, S.E.1, England 











